On the Biology of Indian Carps Viz. Cirrhina Mrigala, Labeo Rohita and Catla catla of a Tropical Reservoir and a Perennial River of Uttar Pradesh with Reference to its Fauna and Flora by Narayanan, Girija Sankara
On the Biology of Indian Carps Viz. 
Cirrhina mrigala, Labeo rohita and 
Catla catla of a Tropical Reservoir 
and a Perennial River of Uttar Pradesh 
with Reference to its Fauna and Flora 
ABSTRACT 
THESIS SUBMITTED FOR THE DEGREE OF. 
Bottor of pi|tlds;ap!ip 
IN 
ZOOLOGY 
BY 
GIRIJA SANKARA NARAYANAN 
M. Sc. M. Phil (Alig ) 
DEPARTMENT OF ZOOLOGY 
ALIGARH MUSLIM UNIVERSITY, 
ALIGARH 
1982 
'TUMI pfaa^Mit iJtjbQiJLoglcai mtxMXf db«l« wi.th th® ikgo« gcowth 
.ilia imiijtJti^^imkJtit r«XaUofuihlp o£ InOian Ginx^ via* 9^yyt^i|^ 
fltglliMdia Ulan*}* kMSSk. g^^fe^ ( l i a ^ ) itfid SsAyii MS^ (Maim.) 
poronolMal c4v«ur u£ ^ e t h Zm^a* 'XIMI food aeX«^tio» ami ©Icot l -
iith&e mtXpB ViiS* £• mrlcml^^ ^Ui l^ * . ^ i l t a of tiMi r l v a r fC4gkll 
cuitus^n iXaltmxf Mhile the clv<»jr KiOl Q..Mtei.iM%&& to o&^txasm 
fluluicy* 
A t o t a l o£ 2870 o^rp ap^^^^e wsin:^ mnnaXt^^^^ €oc the pr@»Qat 
adtapltis «iee« ooXltiotMaa £xym tha r@9Q««alr £zx»^ Oe«ot>^  r i974 t o 
A p d l 1979 ana ixxm %Jtm d v a r iK t^w^afi octio^jc 1976 md A p d l 1979. 
"Ati® datA oD dl^ ;i-3olv©(l o9(3^ |Qfi« t@ii|»«»ratiiria# pit ana liAter I twel 
i^Iiiot»atlone of tli@ ir^dw^evoie «i^r« inv^a t l sa ta^ and «il®c»j^a«di, 
&colMMal« #£t€Ksl;® of tim lfi£«^stbatl<3<t o£ tha i^ at0i!>>ii(3f»Qifi^  on the 
atiJt^im 0X1 th& i3o«J^l«tti^th a^oa 0calo»la[^th o£ t2i»a C0Xp 
si,>acl«js £^(v^..^^ a llmkiir col^^ULonsliip* the ^ s c ^ ^ l o sca le* 
l«»i^^tii a£ the i'4«h yradi pi^'c^^ftlon^ to v|£te»<«fi^  i n kexSf^lmig^m 
oi cai3>« ^ i^ire g^d^araliy it)raaa I>E>«MI@«EI A«yitiit ^^ xid Cf&mtmsfm 
tim &iam>Xutm gwo^Ui of riimsifMi eiap« was ti«»ttar ti'iafi 
U^^t a£ this <Mcp« o£ th^ r«Mier«ois» l^&.»0v^ r# HkbsuXiilMi giioyth 
^^ &• ffiB|-Tfll?ilB ^ ^^ ibottar tima thmt of | j ^ ^ h l t a a»d £» JSJittiA 
in ti^ r<@€)9cm>iff so %foIl a« in th«^ siv^or* th<» slvi3« KaXi, i s 
immm to tm p&3iJm3tLsf& azU rich in i3o%tu%s fauna* tho txnt^sam 
£»&i>t« of the Kotttham s«da«j«vuir i^xm taainiy £^r<i$»ont«a tyf 
f'^iiiuMsa* Ann«ii4a a»a lirthxopouft* Zt i«« thosrefostt^ ^ a^uffiod 
U-vat; t l ^ fast, gf^ m-iTth o£ £• ifftrtniilii iA ^i^^ ri¥@r and in th9 
£^ £^ '<.'r«K>ir may hava li^ ^^ n aa a r^atilt of iaw^urabia foodinij gcsounda* 
tlifi <||^ @eifi<: gm»><iith ra ta of t&te o^irpa haa an invecsa 
Cqddvionahi^ $sritii 4»ga aiiu aii^ sa* Ttvs c«ajQ>a \mtm olm<3it¥»ad to 
oov^sr £if l^ jr p®rc<int of jsottth of tot^ l i i a a|>an duslng tlia 
f i rs t , ira^c* ft^ ai|.>iscii:ia gcowth of $MtMxn fiahaa wm poor as 
dkf t a r at&aiiUng matustty^ ^sov^th pot^s^tiai of tht; f i# i i a 
diraotaKi towaetla gi>»ia<l lauilding and vary i i t t i a IB l&it ^ r jaocty 
dia^Nd4ipat@itfe>* 
llio relatioAa^p id>:itMv«ari l^ n>;|t^ -k ^lOia «^oi:jh% of th^ oaiqpa 
CisiraaXacI ^mt tim fiati <^ &re tovead Ui im 3M mi Itiml oonOitiem* 
Tim a^\»ric<jl oata i^ n ]M»g loingFt^  and iay %«^ j^|I%t of tito Od£p 
ap«ioies psovidos tha ^XCIIKI n 3 , % i^icli i?af l^xta that tim fiah 
a£o vjoMi^  i ^ l i afui £^^ 3 so^wat in i t s anvisom^^nlu 
3 
"Siva roXatJLv@ aa^tuumc& ot i>l^tfiktt»i fauna atki tXora of tirm 
"^ 9t^mN(mimm» &Jii»iysa* 9ffiteKmJbMn» l)§Uii«a<;^a n^^ ^ 
iMtlM-'Mii' '^^ WLua gj?a@n al3a« wao r ^ r e s « o t « d iy/ s i x ^oiidffa 
I n the r(i»arw:»lr. !io%Jii¥'o£'« aoia® o£ tD@ «lomijmn% i^ecitxirs of tiiQ 
vrv.:x'a c»Eial^t«^ of faainly Uiroe -^ei'ti^ ra vlsi»« tlavicula^ Csygtieit.al^ f^t 
ni«:ijor Qijix^m {Kh^a am-u ~.iu..4.<nil# l.-'73;-, 
Focxi dolect iun ol: £• oafcla of tlia r i v e r F^l l wstm i i l v a a t l -
yiatGd .^id the oIac«lvi ty HKlttx (£) irm »^€d<ad U-iat ti\Qxx' t/ad a 
stP^rij ijoaitiv© 3 ^ # c t i a n £or ssoc^jli^iatlxai '«?rilcli cunaiiitadi of 75^ 
o£ the i»i;aX rat ion* Foodiiij r@]La lonship o£ £• SSiiSAA ^*-^ 
atlK?r (^uqp8 vlsim £ • f ^ ' ^ n sund £« cttftlt,^ o£ ti'm s lvor Kali 
Biiow^ tii&t thm:® ^m mi lAtaatatJUsci a«igr@ig t^i.a<i i n t i io l r feeding 
n<jaalts In Urn r ich* 
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Hiis X& to car t i f / that Hr« c?i£ijs iSankara Nar^eutuo 
4 4a0 h^ji^i urfcaortaHlng e&iy@QXx:^0 "on th@ ladoiOijy o i Indian 
Gat^B Via* £LQSlliOft Jifil£ifi3Ul (^1«^>« haJoa^ tjohLtfA (flan»> anu 
£atiyft JljEdhUi (^ U^aiRMi*) oc a tsosAlcaX r«Hiorw>ir ana a pocomiial 
r lvor o£ uttar Praa<»sii with r@£ori.3ice to i t s fauna <a£Kji 
floisa*' • wxiair mir iKi4>asvialoa* t h i s i e hia cyyn original 
r>.,>r.-<>.^ ycc^  woKk« itus v«>rH i s auitaiaXd for the aMarcl o£ t l ^ 
omgK&m o£ :^:N>ctor o£ Philo3Q|riiy in ssoo^ Urjy o£ th<i AXigat^i 
MuuiXiJii Univursit/^ Al4ga£tv« Z pexmit Hr« iiairayanan to 
8Ui;)Rtit tl*^ thoaia to^asdia the fulfilmcmt ot th«3 £«c|uisrvjacmta 
'^ £ th@( PtUi^ * iJmgt&® i n £iooiagy« 
(M. 4iliahi(l :iiaui«|uij 
t cmtmra i 
p^^. 
XI himm* aQa|p«« l imltatloi is and ai»jaotiinMi 
o£ the pcttmmt »tit(3af« 3 
X£2 ii^tmselptlxm of txm Km&tiym tb^amevoJLK 
ana trw siv@r t^a l i 4a t io r t^ imiXm 6 
ZV Hatd£lal ^ ^ MQtho<ls • • • •*• 13 
9li|£» o f Clggti i iyi tlTj^ tJiyiiffl- ^^ 
VZ Ago* si0Eywth 4K1KI X4»igl^ >ii^ :/cJL j h t r o t a t i o n * 
VXXZ Pl^ mkta^ m o£ the K i^ethura ae«arv:diS', • 36 
£«@diJurm £^at4ektsatiip ^ t n o the r eaajor 
K uioCTiaalon • • • • • • * • • z,7 
BM^emno&m • • • • . . * • • • 52 
mnmm mii iiii mnmmmiKmm 
reaouixiaa* 'Xh@ iiUstnu iXah&r^ JLttalun^n^t kjoth cd|>tustt and euituffe 
eaaalo« taoius ana pa«ta«* ?)Ki l a t t e r csux; «aa «r4LtA cuttwupo 
roaoCvoJLm* Xak&0 £i»a ponds* Hydjco^JLolemlcal £«iatu«r«Mi o£ tho 
III Inula 1*09 oilliyDn hectariy* o£ lima are oo .i«pl^ isy 
pqi^atJk»n« AnicHriy tim ^iuoM^ietwock o£ Xn i^lan res-^rwoiini only a 
wiitiit aa 1\mi,^ ilatiiadea CChaol» ana Kuclan# liii4ei >avia jgij, jy^ 1969i 
r^«»oalv«ta«A« l;i>44}« i^ eneMar VaXlay Caepoc^tion (Jol» att a3.« 1952)« 
i-licsfciaia (•'oiE} jilijy^ i9SS} a*««^  aafi(£idL«^ jNadt (ui|iiieiy and H«iii£m«XiS2>* 
fha ini;iu^incc» oi -d>i.sa ^i.^ ansp«> on tife^  9@fi>:.t.ai psoouctivlty of 
rea<^rvc»is)i Hao io^ o^n atuUl<iKl «7f aa^ aiaon C19S2 lana jl9&3) ana 
y^L'Jcms ^ j ^ (i^65> • Pk3nj,t <Qi tha Xmii^^ x@aar90ira p£X»¥i^ a 
ja<Kl «»xiiiaX casp ii-,;lwry* 
wltsh the «ivl»oi»aefit pl.«y9 « solft in i«« productivity Imt^^ 
Ag«« geoMi^ I^ tf^ tfcMMJi^ int s^.itioHilii|» and £cM3a of th@ <mXj^ 
msQ wamt paa:ta»»t,ijx» ^Aiieti may ai«al«i&« i^ stc^  ai;aoiit th® miivlma-> 
laantal. oofUlitAoiM* Hutiy l^Utliom atudlod ttm ngtt and goowth o i 
iniaoia tljidMHi along with oi^i^r cdoio^jicai avKl i ^ s i c a i pair»» 
aciteiv (Ahaai9(l« is»'*4| i^ %K»l{»r>«tt atfid mmm^lmXt 1946| JhingraA* 
iSisay i»«9 mva i9?9i Aiii«unlii» idMi t>as ana KdalAna^ mirthy* 
il#60f Kttmalt i i i4f i9«7ff Nat*x»i«n imd Jhin^ean* i^ i«3f 
muametiwe, is»7ii cii«itr<@a»rtar «n^ •'*iiirtny« i^lZt iChan« i ^ a ai^ 
tho i> &&&it atUKiy i« aiaed to invo^ti^te miam aaiKJCta 
of tt>9 biologir of tli9 aajor Ottxps f ion a t»c^c«a. r«^ scS1K>ir an«l a 
poinamiitti si-rar in Horth Xntiiii* Att<ic(«»t0 havo aiao lamm ami» 
• IZ 
AMAQt 30Dpe# limits itl^ ..;»fi8 ana objeotivt^ o£ 
asm ©4ttitj»r (ilt'QGtXf a r i.ti^l4jOiK!tl.]r c ^ a t ^ u4th the f i # i jSDVtli* 
sucm a«ift(li<Mi po4i)t ou t tSsm drawia^icka «uci!.i ooosttraJUtta a& i;|}«i 
€iav480»ni£3iit aiKl idKix^ mmmz Xrops^wes^'jit i n £i.slicscy aaaa^eMant* 
fliHa£«ii>iKi« the aMI«« gixt^fth in^ lmm^y>m^gi%t rml^;^t.UmsM.p o f 
the m&j&K ctuspa f loia sewirthjim c«»sdSiiK>is' mi^ civi^r KaXi have been 
etuajL<»a« thJLa &t,%ti^ §&v j « Ail eoologicel. pActuco of the hJL j i i l y 
psoitt iotive K«s€ith£«i roeerwoJUr ( t he mypsmdm^t& f i e h pscKiucticA 
o f the fC4i@tl)^ 0i Kmi iSifta4r i « 290 lm^)ttt« Jh ings^ i^ 1^7S) atki t iM 
riv@r K«14« fliKs gs?3%tfth of thi@ £l«h l a IBEIUMII t o ho r a l i t e d w i t h 
phyelfficii^ c^)e0ilc«tJl end h&ologicsei £^ctore o f the ^twlxoiiBiaiit* 
The £«&toi;» o£ v i t a l Iniiocteooe I n ffo^iulatliig £lfiHi greo^th are 
t(iapecatUkire# a(lec|uet« ^ fus ia t l ^ o f "aiitli i £00^ latd c i ioelcel 
p u r i t y o£ wj&tar (t%t«»t# i97a)* Oso^tl) o£ f i s h l a o f ten d i r e c t l y 
rolatcaa wi th feeOlng I n tens i t y (AlUcunhl* 19S6| H l t r a and 
Mohepatse# l»34f F^t£a ^!id i)e«« 196Sf i>ae ana Kslshnamir^iy* 
1940) • t h .E^iomiif thi@ £ood o& tho CMvexlne ^lajor caj({)« wmm 
Invoet l^atod* i^lanktun oondtlt iatee e taajor i^art of ti»a -^ o^od 
I t^ iae of fimior cexi^e* ^^ I t ^^as intended t o ohs^cvo «el ^ t l ve 
e/bundence o f v..«loiie ^pitolee o f phrnktmi I n tho slv,;:jr loid 
roa@ff¥giljr* 
I n t l ^ p(9)puIa«iMi o£ pkia»%on i a poiliitosl weoeM of the eivar 
K.al4« Vm piTaaiMat li>v#@ti^ af;JUMi on {^ f^flleiacNa %tkXX thfienf l i g h t 
on «h)a »B44iit4iMi mtrnjOiSmmi® of ir^ickios ipeel^s of phifto and 
Att<fqpt« hav« ^Am» iamn mmm to vBOtaxtaim a pgoUmlimry 
minrdjr on tho ^ t t o n tmmm o£ the i4i&«oial ««|iioii of RcMithani 
ffs^^i.tiKkir tt» ftos^Mi i^sidiiiMstivity o i t h * »MWSVO4S« 
Ttm taajor Xisxitntiofi £or «h« ptm&mBit atueiy %IMI the 
»0i<»ctiva iX&hAJnq A% iCcMitnan s^ 3«jnK>ic# Hjecaotitott of tshia« ^aoli 
@^ ai:sp]^ «^  Mmt^tmx oematr^kiat -«faui Ui» «oee»st4taiit oQM»t €»i tiio 
i!:X«iA»^  yiUc^ pif^^tontad i8i3«ti Oet ->c«iliiatloii o i ssx £9jr ^Kamlniiig 
gonads* c»a tjt^ CDntngdy aaadX anci rngKliiim ais^od malor c:iei>« 
w@jRi «vail«ihil« twam tim civ@tr K«li« 
Hie ol»J#etiv^^ o£ the pr^o^nt stiiE^ &em 
%i Hh ^i9tist«migm th@ dgo* of @i@ ^ajor <s«uqps ^f 
liit0j(|»£0tlagi aaiTHiiigs |»s^^«iit cm tho acaIo« 
3> lb 4ot^!«iiliM the gxo%#«h eata of iaa|or ciafs«« 
3) 1%» «l«irt<^ iRaiiia t h * laogt Mtialg^t rij:X£iU.oiiii^til^ of 
»aioff caasps* 
4) lb stiniy th© gm>d m^msiUban oi ^ fiatiLft >^^ ^ ^ ^ 
ciil.4«ioililiJ^ With o t i ^ r m&jos cnq^Ni fsom the sivuir 

di^'SlM • IZX 
lh» lAtolcMf o£ tm^it oairp* has i»mn vni^ttaik&a iwom 
ami tkm simss KAII ifi Morth ZaojU* 
^^« gwiftiiaiiNfrtiotttor 
t h i s immiSmtXs -^^m ajoatnactad isi t ^ oyt^Mriui of Agra City 
tfiti^ a ^<aii to ini|)s;4y a«iiDiifm ib«git£sv to I^ MI c i t y in catwi o£ 
onar^ncy asi9«9 t^i^ to OsriiU'itit* 'Ihis ros £iK>izr i s situatodi a t 
a X tituOo a£ 27^# i3*M and a lonaituds €»£ 77^«37*£; j^»m^  covtstv an 
ar&a o£ 2S6 haota^^s CPlate 2 } , 
ilti@ reaonioir was CBtaodaliod ^rki «^i».^ »jad in ViitZ is^ ths 
Bsrltis^ aov«L'£i»i€ilt« Sn I t So i ^ ^as han^iad 0ver to tho 'J«P» 
3cwoxm@nt ris^tegi^i Oai^ ael^ Mgiit £or tha <lawga«qp«K:^ t o£ oaxp 
^iititdxy* At ps^oant tisos Xnoian najos' oaiq^« via»« 
<4iy^ -i4jmi igfYiyi^ fliliir hM^SBL ffl^^V^^ ^ ' ^ ^^^t^ iSaStlJI ^^^ c u l t u r e 
alunj i«dtii tli@ «ia«»tic o i^ii^ oa aai^« At tim^m grass C3X|» %ioxti also 
stockadl in tl«# r^oociKiiir* 
'Tim c«i20omoir i s f ^ issf OMiaia Canai a t i t s sDUtl^ s^en 
pact« 'Xlie smti@t o£ tiia msttrwoir i a ommmatm^ wit^ siv<ir iffiMnma 
%»ii443li i^ okNi g^pi»goxi»itsly CMOS Hiio»Mti?a a n^^  to th<^  northocn s i ^ 
a£ Urn lemmevolSm ^vusUb^ sonason mmtikm tim t^trnxmoix '3@ts 
£iIi€Ki a^v^a i t s oii>d<uitar* 'X^s a^eo^ss «^tar i® oiaciiar^d in to 
tlie elver t&tsmvk ths^ug^ th@ cAttlct* Fxy ima fing^jrUUija 
rai-|r<^t« tOieoui^ th@ tilacS^x^iag %«i<;ar ana oongx<oga%tt &>eiotf 
«De oJLUice istUB utuii» th«f ac« saoopod out* P)Uta It gltk.>w$ 
Um iiOfSj^iteXiam GoU^actla^ spot* Ttm m»jfi»K cai^ flng^rlijcigm 
&S9 aortea cmt isoffi tJOm €x>Xl'je^tAiMX ana otockod in tim rasorvoir* 
As^ iM Of the vmrnewoiJi 
Catiq£ieKait &j£Km 
%it4ai storage «M(p^afaity 
Ca i n miialSK3«| 
•oWCTwi 111 
« • 
• • 
• • 
• • 
• * 
• • 
• • 
• • 
• • 
• • 
2U tmm 
8* 
400*f3U«ft« 
2* X 3«ft* ^acti 
'm^mgb tb@ £^i«^eiPo4r l a «iitsacislv#l7 u^^ed t o r oax|p QUlt«iro# 
thi^ £V^X3LQI4#IJI9 £lah fl|x»2l<^ ar i i « l i o ci3caoiPdied twom the r^o@sw9lr« 
f.. r « a l i r • 
a . WernHy t 
IMftHi^ lfiafegg 
8 
f« f^pdly t f-fjgrtil'iiMi 
z* r«f!iiXy • 
«7« r^ iadLly • JiiilmAiiyMI 
fflHiiifiHi ^^"^ff*"*'"!!' jPiflfniMil^ uiii Tr'fimiiimilni 
J^ t^ tXimiiisiiqf oi^ i .sv^Uoiis <M tti« littoral, imam gmvoaXmd 
«lita4 m/ximtem ^maixmt/& thsou^bfoivkt the fiiar* Acacmg JiioIXiiaea« 
f^ tHHiiiiiiffilli "Pi** <>^ pliwtlTlililii <QPP* "^^ x^  iound to oeour in aost 
pa|^ o£ %im «s@c«s4x'* ^^ it^ fft csoni thla ooe» iii3«ets sueh «• 
Wtflr mi^m^ tmtotmatA^ 'jfirt.ilitl- ffHlffillilllir fiflBi« »af^»li^ %ioam 
J i^ftBl Bl, Ifei 
tha aq^t lc naeiiD¥Q90tat4<m of &>«» wmmrmiJi J41 
filantly cati^joclAed Into imirt 
JU jfltfiiii%iVnffl* 
i^AtftflJlStlMl JiGIAilllSll« ^^ifiii ap« * 
imillimtgiift «>•# s^ggfttBi^ BrUwt ^« 
f^tiimntiirfa itoiliiiiif £^ jBStflMi* 
th« 41stJBii3tttioii pateostt of th€i«« «q^«JLc V(3^tatioii 
10 
o£ i;t)o aisove sMAti iKKt flora oi tliMs re^N^rvoir* t>Mi i>rait;ar 
liy*aelfitlit MSlltXUald natnlnfftj- va« |>f«dondiiatlJ^3 in 6h(» acsaii** 
Zt mmiim i&a £ir@t ai^ f^ eacaoce in tim re»». siKtir In o^sly wixtitts* 
VaxiotM «t»aiilc«l Bfe^ i^ods* indttoing tlso afspHc.^tlMi of tciie eoat 
ei££aati¥(» h c^McJUIe a# 4«*o and «NSK^ >atilcal nathoda* ffuoii ws th& 
ii8« o i J^antbl pow3C tlll«r« Had iia«n tdod <iarll r^ to mm^wol 
tho i^ ;»eMid oi water hyaiaUitti aii^ «11 in vain* hmtalft «l)e 
'UM sivoMT ic^ ftli i s a tsloit^jcy o£ lili»» <laifc7«HN I t i« 
agaiMEOHtaifttiftly 240 Ion liuagr »«iish «a arv^ uci^ jo niatlt of 33** ItM 
riv^r in in Ut.tar PtmDmt^^ ^ uoMixn^ ths^ugh tha ai«»tsiot8 /^cii« 
Alif^«ti, lli»»itl«2s>ni« Z% i s loc&t£;«l at latitAiditt oi ai**i^ * * ag^ap*!! 
and a longittuda oi 77^4^* « ^ £ i » Plato 2XZ aticKife tho civor 
Kan* t ^ t^tor of tiMi dvav baa a vaty dictar i ^ « ^ oolomr* and 
at tinoa givaa imil odoiur* flia iaotton of «h@ eiinajr i« ttsually 
middy • 
Zn ^^ta oi i l » tMavy (Neganie m^d oth^r pollutant 
Ix^^m th» ciVi^ r tiaa a vaxying niini> r^ oi nativeal pofMilaticMs of 
iiaii avKi o«;lie$ atiuati^s oeganiaMi* 
tkm &»ll0Ming a£o aone oi the fis^ms oi ^3tm civor* 
u 
^iliiiiyitoi mliiHiiii" &• jE^ toM fiiiinBi fpf^ fiiMi 
£lMBiyUlft JttiiBft# JQiltKUBI IP* 
a« fMtilf i ffillMBltrftifltft 
BiiifiBifliiii iinliffil^fHt^ &• tfujLtiiilii 
St* MHfiiLyii* 
K« ritfnuy • iiiluBliiifit 
ftfuum jnMMiiiku H* JKUC* H* Yltliiwii 
a m &^^ &&m^m ti^ s i^d** 
12 
ViesSJLminaXf ul^ at^nmtloii of «h<a piandctoit of th@ sivuc was 
Pill iwiim nl 1 ^ lakvip 
P|.a«« XII i^cMM tha locatiQfi of sivor Kiili and tmm» on 
Il9£4«B« «it^r l<9o%DCftaa# iiai;»Qr n i l la «t0 sitiMtoa on Ui@ civ@r 
al<Jtt dtii4;:i) coa«tAii%Jly oinelha^ thoir poUti^^itita into the slvor* 
1E3M Kwira&nd dcttin (Plato 112) cooodtf^s iiias«i«» £iQ» tlia ^Mfiy 
<ii8%iUAelo« tiii# alyo<^siiio# painty aoiip* npittniii^^ c»sre»i ana 
s i l k iiaxstodL^m &i the indiMi«.eial> ^^ odi Ha<^ |ajr oity ana ulsctiaraos 
Xatct the xiims* Not only ttiomt polltttoats lm% a gpod a^cmnt of 
uiitr«Mit<acl «la»tj@tie a«iiog# m^ alao taa cSi^ acshaxgod into thc» sivec 
tl^s^tijhout i ta a»us»«« 
nnnnTjnu-ii jg| j ^ (l^S«) and i^twanl ^ jkL ^ *'^^> css^octed 
ti))9 oaoiallty to ilshas aa a cosul^ of * iniiliaosimlnat^ dlac^iac^a 
of Ammatcitai K^ aattt** .^^ aaiia and £ilu«iiqy4 (11^66) mado pselimiaar/ 
ol»aocvatioii oa th«s pollution atfMl founa lorga nciala iXah mortality 
in aupiBor mmt^m* 2)oocg@# uaalai aa«^  i^ooiqiti (ld^> aaila pcall* 
ffilnosy obaarVatioMi un tlia l ln-o lo^cal aapt^t of the dvor with 
c«iex€iic« to glah raortall^* AooosOlng! to t^ i«« th@ £lah novtaXlty 
oitiy km <it»a to (MiygNtfi oaplotkm m§ a c^ Mi^ t. o£ Inditatrlal of flyent 
dladtmrja fsoca tho tactpcifss m^ air isKpaati^ ii^  £l@h«9a ifosn un» 
aif«)ct«d« 
V X ^ o r 'Stm KEETiAM Ria*£3WlDXR 

F ishe r y col ony_ 
Of f t c f , c o l d t t o r a g e 
Agra-Del hi Nat lonalJuitiwjJ' 
Plata X Hap o£ tJtu^ K^mtivmi &aaorvoi.ir m)oviuag am^il^ 
P l a t e IX FJLngerlings oo l lec t i im spot a t the 
Keetham resexrvoir. 
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»Xeit» xiz H ^ of tim rlvi^r Kali* 
ciiApTm m XV 
Hat@eiaL &afl K^t^mam 
13 
ttio a<j« a»a ^£Qwth .:.tu£y;.€« wexw laaaotd on ttm woetl<m 
aolX-oaiua^ team K>24 maijor caj i^ of tho i?9»@r9Dir cHizlitr} Atj^ ^ust 
l.^?6 to i^slX i^?9« Zi) auaiUon to tlila 28 mci^ia and 31 vohu 
Zo tnlis «f«3r t.lii@ age an i^ geowth stiaidUleMi tf^ iro aa9<xi <on ocales 
OQtJUlaotwKl £»»!> % to ta l o£ 11393 major oai i^ oiiiikjnt ^^ tJtie ili^ti 
Q^t%txm&t&m vmitig tli@ following i!^t«: 
I l^ttllg,t^ .ami Wiir^^ 
iitms (i«»t otiu iK»t urag net 3111 RQ% 
en 13 teo as <» 4*30 X 5*50 <>.60 X 0«4S 
metcv to 2*2S ffietxie 
W Wat^WM i«fcll ( M O r J W l 
S cm 
1li@ langthii^^<ii''jht s«l-'>.tlG«iah&p a%.\ia/ of m<iJor caissMi « i^0 
imOortaMisci fsom tim oata a>ll«jctod £sa» ic^3 flah^ia «JuKing thQ 
ajiiE3i<i^ jcclal flsmn;^ a t thtcr r.'#@rK>4r« Furt^ i^ ^x' <iata on teotAl 
length ana iji^i^nt o£ 731 <3aci>® «^MI «I^ <K> o&fudn^ £txm t^m £4€»14 
dtatlcm &t %-m u«i»« -adi^ ervft^ At Flsherl*^ D^^rti^emt a t tlie 
}Co0tliai» i^oaeirvoir* In tlila ^ i^ to ta l lon^tli and odeg^fc <»i 1814 
siiKjofi' CMS^ W0&ii usaa ta €30t«u.4JLsli l«ci>ji^w«ieijht rislatlc^sfleUp* 
Thm arrari'O'^ eikmta o£ tlmh sm^i^m oull^jCtlon warn ism»^ oa f^ontl^l^ 
omV'or ionyiii.jhtly vJUlt« t0 tii«! tue^evoJ.r* fbtal length o£ «iad^ 
t* 
£i4^ ^j^m mj&mi£9A »«pAxmt0SLf with the iMAp o£ a txawmttSanaX 
iXaitk mummtAm tx»aiS«i <»> the ne&reat RdXIiMMMuDB iwtm tlse tl|» of 
%^ mKm% t0 Vtm iar^i@9t HA ray o£ Vtm iawoc half o£ the 
cawiiil £iA« thiiy waeo iMiiv,^ 0(dl s«i|>ai:iitadL]f %iith yut* aiK^  w^oacJUi 
%iml jht of 0aoh £4sh Mmtm Kmaene^kt^ a t tiie tiaw of aoAl* <iolI«oti»»« 
£»cal.«tfi w«ce iiolliactad iiiti£ofiMly f soa th«» s^i.011 abov€i the Iat«»r«l. 
IXne and JUiit IMIOW « I ^ f i r s t Oorsai On i»y« 
Plahjcton aa%i|.<M W I^DS oo>lloot«i»sl <iuciii^ j the afootHialil 
p4j!jBi49d itxm the i lve a«fn|»Xiaj aixtts om ^htaiaa l a Plaita Z» hXtmg 
with piltfilitml oollt^tlon« water t«B|>ocfttUi;^ « pH aim Oi&dolv^ 
oKy^«ci wmsQ aXao r^ ooisti^ ocU All ciata -ttfera c«@cortl^ iKl Oiirli^ v i# l t9 
£or csulliaetlcm oi i;X«ii •c«klo«« «^ata <m mkti&s X^^vmk £liactuatloffi 
lUKl tt»@ iMtn&omlty o£ •'fmti&x hf«MC3liith ij|£@®ti»tioii watwrn ol9tAi4Ei@4 
isoa th@ o^ilelftl c«j iet .r etalntMflMwS a t t^io £lal<i a^tiatu* 
Sinilai^y tho ^jo^ g»>wtli« l€inK;tn«iiii«ljht roiatlona^ilp 
;^^ ii £oo4 atuKlitaa w&£t) laaaojl on 870 m&ior c<icpa oullautad £»3ai 
the oxfxa^ jsioaiL tioh cuitdbcis o£ tha silvcir i ^ U a t Allijarh cj^ ir&iig 
October Wf^ to April 1979* M i l the £lah«« oDlleetod v»e£e 
m^fa&isf^A ami i^ wlsjt^ Kji, a^p^i:«»telir* ^ioali^ ^mem coll^tetadi f soia e l l 
tim ^-Giamm and is^t, in leMillod ocrv^ l^op^e* ^uta w^re ffefaoved 
aadt mmXfi^^ iM-n^Jla^t^Vi us laud i^ oe po3«li:4o« a<3ioainl&;i -juts 
liTore pjp^dorweti in W^ iosmaliM mm ^aalysad* 
IS 
Pi«ia(toii Bm&^k^m w@K@ o£»Ilac%aa iwam the dvcv dhidngi 
nmsc^ miA April 1S)7$ ^i th cii» haUp of « pianlttcai i»»t oXm* in 
ttm iooa &t3mU» wmtm let&amd cai 19% oajoc cax|Mi o^ >%aioadi 
gffm tim dvaff Kali «lKiciiig Bm:mimK l$»7e« J«miasy ««id H#I?C») ld79« 
AH a%t«iqpt ha« to«i«iii ttaOo «a iovwatig^tw the s iaa t lv l ty iati^M i n 
tli«s( isolt^tJUm o£ vimKUiMm i(»Q4 itoMi Jsr th@r £iflike« uoing tha 
£oiniii«f 
K • " S " " ? ^ iXv2.«v, i9«i) 
g - the Qleotivitir index 
jdL «• perc«tfit« l^«i ol feiod item in aJtm <arivisoiiiB3iit 
p i » p^rcocttd^ o£ fucKi i t a a in tho etoma^u 
ttMi i iah eoei^iai ooiitictau fwesv kept in «#eIX Ij^^^iled 
eaviac^ »«>i»« Bgt§ox0 gM&Mi*^^0 tha •caX«Mi «fvj£^  eaaltea in water for 
ov%ir tiiirtaf mismtum an«i e«.i«;^ i pswie ytam -#aehedi e^par^iteiy '< l^ta 
C3laaa« is>Xa «j^ t@r a i^ acie<l« EMO^ptiemelijT larg<3 aoeiee have 
a teufiiefscjf to cusi m> a t tim margine^ sio thesf «M»r«3 pr<»s@od £I«it 
with »ai#i t ovar iiiglit* 
Since th i aoaiee o^ £isha« oi a£«rv^ throe years o£ agte 
a t t a in i&isly iair^e aise* timf immi rn t^d yitHi th@ help of 
M 
wiMEi ttisad only to ala tM«« t!i«i aoolotf w im swi^ at X^ast tUxlo* 
at aU£ok*«iit ti»@a and tim mym 4at« W«MI VUOOSII«IIS« iioaltM «iltli 
la£90 ioais leOKl ismtguJUur nax^ Tiiui WKEV dlM»euea«d# 
lb® lof^tb Qi tha aosI<i wa^ tMsaausoil f xoa ttie f€>c»» to 
t£t« imtocior ffigtit ov l ^ t nargimi ot th» seaie ana the dintanoe 
JN^ otufaofi Sociw and SUCSGMNMIVV annu3Li tmco etaaaurcid witto the h<»lf» 
of a t£aai|p»ar«rit iMMtlofial pmff^t of torn vnlt* 
tha Icsfii^ t^ 'i attauUiod lay tlv» txt&i at the time of fosmatiofi 
4>£ varibOK^  adcvmXi , -a^tm n.^M eaXQui.«it@d for each £ia£i 9e|»arately 
unli'ig the £o«it)itlai 
'i'^ie.t^ 
'1 " s 
h. m Xmiff^ o£ the i ieh at the t iae of iosm i^tjUm a£ 
the €1X9% anmilite* 
h m total X^fiith c»£ the £Xi^ « 
ii^ » lec^th iwam the focus oiS thy scale to the 
mla point && £lvat «yru»jJLuo audi 
s m total l€iigft-i o£ th«» scale* 
j£»cale lehijtii •» Jsoelir l«i(B9l^  cel^itionship and the oosire* 
JLatluo eoeifloiant «feee detanaliied and plott^ed l o a scatter 
n 
uoin^j the £oi»Uil« 
)#t)ec« L>^  «Ki Lg ifos« totiO, l«tfia«h« a t T. and T^ ^9^* »aqp«o» 
In osxiar ta tUm Log;^  (iMii^cian loijasltiira) the IcKietrltlw 
rtiic v<iau@ irvae to Dm mtXtiplXmX ^Xth a* 3206* the ttp&cltXc gmoMrldi 
ra ta '(«as os^c^tdaifti em pf^txnant&m P'ox smnum* 
w*ii3r© I'i • i^ «il<-|Iit of the iiflh 
*a* «is^ *»* • ^MpoiKiato to im d&%otmixt&^ oBtplsicaXly* 
l«<iCc«Ki (X^JI) wdA o£ thd optnldil that tho 3L<9«»^ ;%lwt«e4^ lit 
iog i<< IB LcKl « "^  a Log i>« 
'lb oet^^xmuis log a* tji@ ^ l l o ^ i r ^ €K|uatioii i^ e^^  wsts^t 
2 
I ' O ' ^ d •* ••"^i^^"""'"'"^ ..iiViwiiiilil .Mil ijffiiiii iiifflWw iifeiiiiJl hiiilwIlSifll ffi'ii Ilia ilfWfil I i l . 
IS 
Log H • iogftdthiwlo vaJLua of «itti.gbt (H} 
H M »uaiaN.c of <^ tMkiCVatiQii«« 
A» tog a i c ill otur htmd, the n^jct ®t@|» i.& to find etope 
M « teBii.liNr*L..iMii Hi,lifl8a.ii<Ui 
bog t* 
£ii ocd©ff to at.U£tr tiri@ food of tiim t4«h aliia^iffitarv canal 
«r«i8 tisMtm isiixxt ea^ analysed for 'it« fooci e::»fit^fita, 
llMi l»£080»c«» ami «»aotioi of <i^ «^ food Xtmn 4ti t&i)® ^ t of 
^m tketak 'mm o0tJi4sy,t<ja ana r^ :<30xdecl* fi;joa lL«;€M!i» w<3ir«s mtalysoci 
ijg oQaaxt:mBXim and isugala^ Mr skitOioa an <a€»0Cfsliif3Kl by ityncHt Cl^iOK 
tov/mvwe, mm M»Jt aaind i#@iiro not <x»fisiaoie«a iMfft em food Itaam 
im iiimii ^ ^^^ i;aii«B ididntdentJkMAaJLly alona v<rith oithosv **£cK>d izeetaCm 
'H&tf&w mad aAr tcmiNaratiiasa w&tm eooocdgid i.ii«h an ominaxy 
tU o^xsKaniitsiiui pH o£ ^^ lati^ sc' ^^ taa aioo st^aoxdoa at, tlto t ine of 
tce^0ra«uxi@ 3?aooi^ UUim uaiiig i^tide (0<<»&0} mtd narsott rongre | ^ 
pag^cm^ Wot ii^trnmnin tJUxi of ii^aolvad i»qrg€ai« wat^r wpi^las 
iMa£« Qi^lXmatmJL in a i^l.d« laafuthea iaottio of 3S0 ^ oapaeitgr 
aiKAiaJU^ iximlim d»tfli^ oolifaotloti* ttio oai^ItMi uiaco fliMKl on 
^Mir i^pot v#ith «itpp3ex»iiiii>AtQl|f ofi@ f^fSB of tma^^^iaamm sul|)tiat« and 
i>£Du^t to «ho lalioratoxir* tlie ciuantity of disaolvea mcyj^ aii l a 
w@9 w a^ dot^simifi^ isgf «4eli:^^r*8 i»@«hod and eaqpisaaaodl et9 psm* 
Qiim'tim. • V 
Agm* gm^am and itaiiatlv^MO&^tit sviatloiii^il|> 
auaiaiia mAffwiU dta^iton) 
19 
Cj^ i^ Khlnft tHiCifcflttiii- posfoXi^slf known as Btri.j4iXa i s «^doIy 
aistxii9ut«xl in tha fsosh wat jm o£ dorthaen plains o£ Xnols 
(i>ay« t@76 ana X^9) , Jhiagcsii (1975) soportod tiia d i a t r tmUoP 
o£ mglgsXa in £ziai«« ^^ to also sslii tliat acitursX olai^silitttioii of 
tlxi iista i s ODiuin^ to r2oe«to Xndis* 
>7})iiigrrad»i( X937> £oucia arnmeO, {Basks on the soaieo o£ 
«KigMiia &a VR lfiuic«!itx»s ol; j^@ «dia in@|ioclb^ th«it; the sfumlar 
taax'ldLft:js M r^i) ij^ ii^ gr l-ai«^ <ioimk UR MasctwOUno* Kaaial. (19d7} 
studifMi tim ii^3& (iXki -jzm«tli Q£ mrigrsia ^£IP(» th^ £lv<@r Yisnuaa* 
a%ULiiai un Ui^ <lov«il<iitf»:^ t;si ®ta>-|tts of mdciala havci iaooii Ot^ait 
^ iQvan (i9a4« 1942 atia 11^ 43) • SarXiar stuOicts on tii© ^jo and 
'jscNrfeh c»£ isxigiaXa hav& Ixaon undairtatefiii ieaca tim sii^sr dancia ami 
Yitf^ iiina W •yhin^ran (i9&7) ana K^mal (1967} vmspoQtl.v^Y» 
Co^pasBtivc^ir l i t t i a infoianuiijyon i s avail4»«4.a on ihe j«oiil^ o£ 
eiei^pOa in oc^nfiaoci vetoes (aiiiiht« I940f SMU* 1946| Chac^ tei and 
Jan«4>ati# 19SOI o^M0 I960)* Xn tha pnaont iavuatija(;ion« ^ i s 
g89v4l} €aia X<3(^ tli>»y@i'jlit n^utionship o£ Clrgsxlga me^uila f sen 
Um M^etui^'nm cn^oxv^r <3aki eivt^'r i^ aXi havo l>o«3tfi "unOostalGan* 
1h@ ^.^ ana ^SD^th ati;^c«s wmsm a^asatS CHA th@ scales 
£sx3m 230 meXgiaXa of tha {^ oatHam s<»9<^ r«:»ir# <^ i^gh% «Ju£iii|| 
2^ 
aot£»l»@r 1^74 «o June X9l^ a m Migfus^ 1^7* to hpsil V^9m Itie 
flail if i^ro in tlia ^ a o smgo f 9001 480 an to 776 nm* mmivme0 
X^f^^iiMidsg^t «l«ita o^ 1012 fish «ia« ooU^ct@«l foon lOi® KttthaBi 
Fus#%«^ ago audi g^tsowH^  tii&uiilias o i Ri£i<^la «#<3iKi ixmeO. on 
3ftX t l i ^ aal i^-ct^ team tho oonwacatiAl f i# i oati^MM o£ the civer 
KaJUt dusiiia cctK>t>3r 197# to A|»sii JL979* ttm eeaiea of 3«1 
eiv^itoa Melt li^ jev eKomifioa «o oet^iwiiMid the a^ Hi* 
the piSEKietluueo ailoiptMKl for tha age^ gjRywtli £itfiu l^iigrtJw 
if«d'il^ i::^atioiiahlp oi tim fieti wae SDHMS ae •>.tmmiviimA 3M 
HaJrji»al clii^a ckii Ch>,.j aoalaa o£ X and IX fear ola £l«h 
tiac^ a>ufitacl in oipoldr «o Uf^ t'^ 'Osatiiie lilies tin(» £ §oeamtXoa o£ 
Mimial masfe on thm a^Lmu Ttm n^mmm for l a f i ^ down of tHe 
annual syirfeiag^ in l»iD at^ gsDU^a e»£ mrigMiia o£ the r^sorvair 
wae £yii»i i;»c»$&#eea the i^oathe of Aujuat 3«iu Je^anaefm Fi^ gfiuee 1 
aliowe tlMi ma^ imifis rmalaur a£ aealcie %iifeh i^ir^inai tli^je Oiidng 
H4i£Cii# ttfhiie the 22 year age ^soup £ i j^ IUMI i^aaeiouBi nupla^r of 
mus^inai r^nrja in Aprli* Itiit foiOB r^ ^pa gvQUJp £iflii ehcN o^d that 
the $^axxim%t%jm of tha fiii) yiith iSas<g[i«Mii riticia «J^oeeaaed isom 
A p d i c^ aiiar£la« ^lihiie the i a t t e r gsou|> £olloi#<9d tiiia p&t$tf^tR in 
21 
H«t aomwMm KdffsHAai. siiig« M«re 'war, tmi ^iri i^ Attjuot to 
Hmmuef inaicatiag «lia aoouwttl .tUm o£ inooi^plof «liig« to £osm 
«n «rimai«t« After this p^dod tlM (;;iiat«tao» botnovn y)«i sings 
agraiii i>aQaM9 victor* VoxBi^ tioti of atmiiias startiad earliar in 
iMmmtsax^ £ioh tt^o that of Aiitusv Ci«li« 
Figusw 3 atioiMi p&tQ^mtoigm of fish ^«h wiagginai cii^» oi 
asi^l«ia o£ tiM si i^r KAU* tlie tine oi aanuiit* £ocm«»tiofi for 
sivi^eifitt UMa, warn • ia i l^r te» thitt of th@ mamiwolw iiati* 
9i^ii£« 3 shows ttis s^i tiontfUt^ btstM o^n body length ^ad 
soalo l^fta^ of aeigsiii oi ths Ksottum i»issr«c»ir* As tlie e i i^ 
a«i»s{| li«iigtti« ttm maaXmt also inorsassd in l^aatti* m@ £ish 
CDii^ctsct f £«in tJOm ciMscw^ir show«Kl wicis colors in scasio Itmg^ 
tamam ^^ <ia^ ot « partiooiiar todgf Isng^i* "Sim fish ulth a 
totoi ionarlih of S20 em shousA soaie Ts<Siii0 lat^ twtisn 9 lan and 
It nn* Zn a^ltm of tii« vaeiatioB in soai<» icAjth mmmg the 
liJtti of ths partieitiar ix>t^  length t &«m lias s iiii«iar eslatioiw* 
shi|;i imtkmm soaio radius atKl hoOr Ioit3^h« PIsto XVa^  b« o & d 
shc»wf ths sosi^s of £# ffp'^ y^ f^ of l^)s i^seswsir eopxisa^MtSMg 
v^ i^eioiis ogo ac(3ii>9* 
Hw 9C&XB ioagftha ana iaody lengths o£ mjdLgaia o£ tha 
riih^r i^aii % r^s ptottod in a scsattar gts^ iVl^ixm 4)« Ihoro 
i s a iii^ar gQlation^tip l».feM«>so ths scais radius and ixid^ 
lengths o£ «h3 roivecino fish* Plat V ^lons thii riv^^elns f ish 
scais« s^r^'oontiny vorioiis age gsov^^mm 
aa 
r i0to8 S wham thtt ^moik oaXoiilatiKl «»nital, i<iiigth of 
aiei^^a« o£ tkm s^migmlx «acl the sivoK, tlna akMa l^n^th of th« 
ilaih «!«• iS<^  emt 270 ani^  3 ^ ««» 44t mv S29 nni« 603 nm* 6&4 fin« 
697 f8ra« 7i9 mil for I# XX* XXX« XV« V« VX« VXX« VXZX and XX fmmtm 
ip««|p«ctiv«l.y« a«wi (194*} c«ipoet«MS «n «verag« gsoM^ of $o«ft im 
p&K mm^ diaxixkg tim f i m t y^«r for mytg^Xii. ciiaGio and 
<i«iM|Niti (19S0) a^uuiiaa tiM gsDwth of mct^Xa i n iioitth Xmiian 
watdSB «i»l tlksy iouaa that «li9 fJlidi attaliMil 4S0 im to 409 M I 
X<3gigrtli ..iaxjUig «he f i vo t yooff* th^ alao s^porteetl that aigiqaXa 
gwem &90 ia» t» 630 am l a laft^th clusiA^ tha f i r s t t&os i n Chatptut 
Fioh Vrnxot ^%a«ai« Hsigai* aulXactad fspo tha <»an,>^ vas 
s^gomoA m gwam 20 fi«a# Six aiA« 670 new 797 asi* &Se am^ W& m^ 
9XX gfiw 9ai e i^ 947 fan £or X« XX, X1X« XV« v , vz« VXX« vxix ami 
XX fmtxm VMipoativtaly («rhiajsai«i« X9S9I* Thm gcovth of mdLg^Xm 
team t3m riv@r tamsm «^» adO ma^g 4S8 on* 644 fn^ 736 mm0 8X6 ani, 
067 !%^ « 924 tix% aad 9S8 fUR f o r X« XX« XZX« XV« V« VX« VXX« VXIX 
ana XX y@«yai o f X i f * smi^mstiv^f {KmrnX* X967)» 'Sim iXah o f 
th@ si i r«^ K a l i a t ta i f ia f i the J.sio o f X99 am* 279 stn, 3S8 tm a»S 
422 sigt i ov X« iX« XIX and XV yaass of l i f a r^apoct iv i ^y . IRM 
gsowth o f nsi9«Aa i n thes Kost^ti^a six^ecvoir i@ a lc^ a» oonipMuradi 
to t h a t o f tho i ' ish of tbo s i v ^ r K a l i * 
t i i i t a i 6 ^hmm tha j%>«3cifio jsot i th ra ta of e^igcila o f 
tiMi mmgmlic m S4*i7K« 29.3XKI, 2X«32I^ # X6,63^.» I3«i4r« 9*Sl»^« 
4»84r^ ^ndl 3»X^ f o r X»XX« XX«XXX« XXX«OCV« VM/t V«W, V I « ^ Z * 
VXX-VXXX and vxxx«xx fime9 reiap^aotiv^iT* l^tia i|>oQifie groi^th 
23 
ois© of the £l3h* Ilia ^eowit) r^tm of tho £iah also KiwzTCJmemA 
Fi^ i^jpo 8 ami 9 oliov th« Xaogtti %ml^% evXaUonahip of tl)« 
msLg&X^ isam t i ^ p^oarwi^ir «aiia the d v o r n ^ ^ o c t i v ^ y , \^ii<:h was 
dewssi lo^ ^ pIot;t;lsig of tD@ mmn 2.<acij«h a t U)«i oriKi oi QQOH 
y<3ar of IJUO ajaixiiit the logasittwi oi tdfis oorctaspcMKiisig raoan 
%/aijhl;, Ihe ociuation mam ixiwta <ao ika a* foIXoyBt 
Log a m •X*4@29 ^ a.9978 l4»g L. 
Itwa ir90i.'«»asio«i o:S th@ log ^ml-^t oB long i«»gth %araa 
o£ t^ 'Hi aldpd *a* l;or tiio rj3#s^iolr ^ i^ i ^OA a»'>^78* Harac^ a Cl97i) 
r^portodi tlKi *n* v&Xvm as 2*99S»5 |k>r mdlgfala ieom tii@ astf%..j^ «« 
JlUngsao ( p s a ) c€|iest«)d tiM *ii* valtts for m^i^alA as 3*0248 
a« Cti«ft,adh« a»09S7 a t i^snchi LalsQ and 3*0990 a t elip@r ^DOavafA* 
Iho logsltHiilc: l6»gt.w«Qi^ht r^latiunahlp of the- flah of 
t:)9 fiver KaXX i^ as ii3^ r@3£Ni(I ^yit 
i<»g « • «X*7384 -i^  3*3661 hog L* 
Hi l ^^a o^ t^d staaesvialr aof^ o£ ttio slv^r ymxm not 
follor^ii^ tho <3ub9 1^^ i^tKl«2tiy* Ih^ a valua OK tlui alcapo *n* 
34 
Xn Xtao^ jth was t^ Mitisr than th^t o£ the 9«gfu«h in wak^t^ ao the 
t i#» 9gpma:&A ttOn. Qut in tti@ K«ll i^wsr f lsti# the gxD^th Xn 
wmL^% Mas £a9t^ff than that o£ tha geoi«th in lengthy ao tho £ 1 ^ 
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L O G L E N G T H 
P l a t o XY prtotojsapiw o£ tho seaXea o f £ • *a*^"--^^* o f 
the Koethan »sa<iSiK»lv #ic»»fflii9 the imoit lar 
a> Age s <j jf®,ir to) /^ -Mgpe s a* J ^ IEW 
I b t a l I« i» j th i21 l Rm I b t o l Issigtht 433 swa 

•Oiiltt «tliia»« SO Mi •!« Mdiiw • 14 mm 
on • KasQh S977 igbt Ml • ^wtwmlwic i^7« 

tX'9o« Kali sNMiliiQ «lM amUX^ flMdiiags, 
a) Ago I 4^ ym i^m 
« » l a xttdUlita I 4«S • » 

c!iM>i;^.i - V I 
f«ai3ap gtihlt^ (iiaiailtDil) 
as 
03iiQoIX«iit £yo4 lial% and l a ^mteo-^vely u^ )<»^  In polycMltitfigi thscmg^ 
out ZfKila* a iDio^ o£ SDIINI «!«%& stuolea £ir ^^^^^x^ i X^IZ) • dan^patl 
anil Cliaolto (1930) s&aos^iml tha t utKjksr *iio0ial gsouth aaii<il«loiMP 
ix^ Mi «flll a t ta in a l<mjti) o£ 380«48o tiai ana a weight o£ 660 grmm 
m asm fm^Vm 
lawuOkfiiy ami sicuiiie (1970) atuoi,*! tite aj© of tx^m liit®s>» 
pretlng t ^ cski^ ^Onga pseoont on ttm aooXmm Khan ana ^^jOlqul 
(1973) &»joa i;;uat the {a«arHltma on «hu scale can laa lnt<a^rat©a 
aa a»i»ial ana hanc# auitaiblii tot mgo dotujmilnatlon* iha lianjtlv-
iMilgtit iDal&tlonahlp a£ staliii w ^ atucllad tar ^^ ^^ n ana riiiaaaia (1943) 
Jiun^san (Ji9S3) and lOiaa ( l ^ a ) • Ibo ooologiy of toim In lacga 
tttiu^to o£ «(at@ei l a aoaxool^ <iaalt with* t^^u^-uiora t^ >o psosc^t 
£}tiidQr la aim«>a a t lxcl«l|lnj tDa siap In ttie ladology of soimt. 
iicalQe «i^ £r«3 oollaotaa isom 419 sohat o£ th@ K^othani 
rea@s^it»lr ciudng M^^iat 1:^ 7^  to April 1979 £or t ^ datoisdnatlaa 
of »iia» Zn atioitioa to thla 11 sohit ODlliictaa twom t»m mtm 
0Bi93Lmtimmt. atidagi ootooeic lii74 ^ Juno 197S« vrnto alao Inoor-
poratiodi In tho psftasant woeK* tho £l«ti uaod for 4s^ }a Oat^isaliui. 
t lon u@s<a In the isl^o ran^o £som 320 saa ^ &a9 tm ana «««ee 
ooHoctad ivuM thm ooorioiiclal oatohea a t %ha Koethflii sos@cvDlr« 
^ 
i^ mo i^diacv ddopte^l fcur 4m« dMtacmin&tloii and l.eiigitlw 
the ili^t doalt^ m^tm msetm$n«d I n ostlor to mm tho t i a * 
of ffinoulua foflftation oo ^Kaala*. Fl^jium 10 t^-mm tlia laoiitlily 
p€>SQ«ia«Ai« og 80lm ooalos of th@ «@i8(i«iKiir \Ath ui/Aa sUK^ a% 
tho UQUXM <I^IJ«« Haodoun mtniKir of M M I O S with aaxgliial dags 
hifvtt laisttm £oms^ Ouisliig isaseb l a tim 1 yvisar «mtt a^ovp £lat% n i i l l * 
tho IX yoar aoo gsoii^ flata had fnaadfaaw nupiMiff of rings l a Nay* 
Haxglnal. simm M<»£^ '^ «^>« fsom Atijuat oni4«»aa« fhe anauliMi £os^ 
n&Xixm stajptod earU^r l a laiEkaitiuHi iXaik tliaa that of aattiana 
£l«h« Xhaa ( l i ^2 ) found chat %ha itfvmlias foen^Uoa atartod 
f 0»Bi it^ ypQh ami o^ntlniMMi U.11 sai»tafia>i»r I n minXt fl«h« 
91«tit Via* i» 4e o aHoM thti aoaloa of Ui» JBOtSASlA ^^ <li^f o£tnt ag« 
gwfmpm i n the r^ ^HMnmlff* 
7l9M£« 11 ttliowB tha £%il tlcmiritiip £» t^ir@aii CMtalo l^Agth 
and iooi^ lon^tii of tho c^a^onpolr f lal i* iho aoatt^r fsis»h #icH#ad 
p«i^oet ootsaldtlon* tttm aoalo Iim^ith saaad laatwaan 3*33 vm 
air 
aii4 3 flRm £os the IXoh having 2S7 ESQ «otal loogth* Hie flail 
hiiviag 300 sain Xanjth haid •oa3u» XongUi vasylngi fsoci 4 ti» to S m 
and tha £1.4^ ulth 130 n»« 400 m ana 340 «!& total len^tli hiid 
acalo l@ii^i vaeyitig fsyra 3 on tto 7 aia* @ nca «o 11*73 wn &nA 
8 na ^ la i^ c*afi«»oo%lviol]f« Wwo» feho ilgiun i t la ol««ur that 
laxg«is £l«h had i^ £l«&tjU>fi la aodlo eadliift* Khan ana Sl4lill<mi 
C1973} al«o ohtalavd a sts^^ift l lns sol^tioaahlp hettwgp iiociy 
l^nj^ti «na aoalo ffaOlus o£ th@ i l sh isoiii the diNir ciai^ i« anA 
yaiauBs Kith a hl^h dagc i^o o< «l^}iil£loanott« 
FlgM£<a 13 fltiGMi the oalciilatad »iaa length tox mgm o l 
sx>tm oi tim stmrnmilx^ fha £ldh attainad a mv^ aii length o£ 
128 Pin# 216 ara« 304 osaw 362 sia« 434 tm, 328 t.im, 3@& iQa« 636 cxm« 
661 Bca* 713 !im« 740 OKI ana 7»4 im mt Z« Zl« ZXI« 1V« v« ^ « 
VX2« VX1X« zx« x« XX ana >ai y^ass x^n^^otiwi^y* asnufth of mtm 
In %-a;^ pfi>riBif«i»ral taoicaa yas 430 »» to 730 ia» In 99s mmttm0 thyw an 
av«.«r«^ M@ of 200 sfi^ iaofit}:i« ( i^9sa« X943) an:^  630 isBi In tha £is»t 
ytiar (ChaaiK»« 1948} • Osmt^ o£ mitm \mii&e nn^nal ooouitlons 
^an 380 an to 480 tm in m«i ^Ira^ y^av (ChacSm and 3«aia|»atl# 1990), 
asofuth o£ aahii la K«fiith«a ciaanrvolr ymm poor i^han oxqimiPad to 
tha £lah £sDa dv^^r cji^ j^a and yanuoa* vb^im i t viaa 3X0 neit SOO mm, 
630 maig 740 »&• 800 ion* 830 QIIEI^  ^ 0 m* 920 nm# 940 an and 960 m 
iiy the anti o£ X« XZ« XXX« xv« v« vx« VXZ« VXXX« xx and x y^ass« 
s^npoctlvoXy (Khan and ^luoi^ai^ 1S>73}« Htm oonpaxativaly aloM 
gsowth o£ sohia In tha iCeathan s^smrmlx maf ho irel«atnd to hfdso» 
iaMlogiatiX £a(3%>rs i^iioh (x»at.co]k ttoo gmcme^ qtom^ pattasn of 
jBoltt ia t&tt stoir ^wMth of tba KootBhon xiavesvoir flalMS* 
Fi^ MXO 13 ahows chatkio* in ii|»csai£le ^so^th sat© of «li» 
f l i ^ in vtsiutioii to ago* Hie eptsakiiQ gm^ntia satm, m^roemmA 
OS p«>XQoato|0 iHMP «nauiii« woco S2U23!C« 33«90r.« 23»OW»« I7*48r« 
].4*««S&« 10.80r.« 7mSm, 6««D£« 4*S|||!^« 3.«8r and U9m' ms 1«XZ« 
XZ«3:Z1# ZZZ«XV« ZV«V, V«VZ« VZWVZZ, VXZ<iVZZZ« VZZZX«XX^  ZXi«X« 
x.4a and xx«aaz yoojoi mtp^nstkr^fm Kl»aii aocS ^oojUiiii (13173) 
S9g»KtaA Vb»t the i^ocslilo jwantth lato oi lohii tra« 47»8r# 3ft»2l^ , 
U«S9&« 9»2»^ , 4*orv um» urn, 3«2r^  ami 2*is^  for x« zz« zzz« zv« 
V^  vx^ VXZ« ¥UZZ and XX ftmxm sa^p««i%ivoly« tlio oi^oolflo 
giow^ roto 1MM hig^koot duciagf ttm t±g@% yoor of llfo« tiMBO 
mmm»^ i t ttecMrgioooil gradiaolly* 
Pig^ ttce 14 a!:KM» t ^ cdidl>j<»s in s^-JciSio gso«#th rate of 
SQtm Jjt £^.;tia» tu ol^ eo* nm ^^^^aliXa ^eowth rate of tlie fioii 
i^oGS&mmX Mith loc^j^faoliig aisBo of tho fialu 
figiHGO IS i^ iowa tim l€iigt£)««f«ight rola iooahip of SDHHU 
Hio loiiN3rt^ M<«aij^ t miMtXanaihip eqemtlcm of cohu wasi 
l«09 M «B «»l*«a56 4- 3«1231 I«og L 
fho v^tto for ti)0 ali3f>« *n* tiaa found to be 3* 1231* i^i&a (1972) 
oliocrvod tim valuo for ^Im olopm *n* aa 3«1C^^ and 3,o392 for 
m 
twas^ the Rcio^ iam c^ @soxva4y i s Joiit alM»vei tiMi ideal value 3U 
fhle iiicllca«.3e fchat tHe iiics«aieii% in «;ttl^t i s now ttian the 
oulse of the i^sigth of the i i 4 ^ 
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K&Qii^tiem emmajevolt s^^io^Xag tim aiinuXar majekiftjs* 

i::iu^'szA • VX2 
taatla (liumllfeDIl) 
30 
SIBSAM ° ^ * ^ i ^ {XifSAiXviSlir ^semt^ tat ^*^fit &mi l a mis)po&&d 
tso iae t^ i4Ui%fl«t gsotdng fli^acios a^ DOg Indian taajor caS|Mi« 
^sowth of oatXa f soa vaetoye s ivam and pond* tmm ta&oa studied 
by aovQ -^ I viaxlkam (<3iiosh awi i^ %oali# ii»22f iehan« i9a4i 
•la^ t^ tn MK^  HaL&nwari I%4K>« l^^Zi Ji'^in-iraa j|J| j2b# l>^3t S f^dcii^  and 
Oa«l<|« 1^64| Kaf&al* i967> and iQian* 1973} • 
il^f (1889) irctfaoxil^ ay 3SI «iv^caj« y[S^ '*^ tl) o£ 1300 fsa Ifi 
l^n^tii isom vajpLoUs wtttsxs a£ Xnoia* aitgm i 1942) awi Cha^o 
ana Kudyan (1048 an^ 1930) £}ty«ai<»a t^m acowth o£ oatXa m 
i^ ouiUi If^alati V)fat«>i:9 anc^  toiuia tx» hav<a atl;.al»aci 4^30 @m t& 737 len 
Xmigti^ In ti3«3 ilsrat yoac* £%a i l 9 ^ ) aalci Uiat UMI VDluPci of 
ifvitar iia&l loflu^^se oo t t ^ ^SDwth of (satla in a cxmilni^ fefat^^r* 
^ ^ (^31) «i%3ortya tliat gsn^ith o& tsatla In tairaekltih aao poor 
Siitdr<iture on th^ gsoitt^ o£ eat la In GuniXa&& ^mtors i s 
ou»parativ^ly 0oaf9O«« ttmm^tm i t has i^ ^on pfnpos^ to yaa0C>» 
ta)te sCuui^ Mi on the .iimsitdhi of oa t la in a %»9pical PEHs^moir 
«^ii^ i a Icnonn to bav® liaavy iniaataUon o£ %im i^ atni^ Eti^ ^kainth* 
Xn aa.iitJ.on ^ tnia« attjfii@l^ t« hava alao boan modo to invaatigfata 
31 
the g n w ^ o£ <iatl.a in a «nftll smcvnoial. eivisr K«4i in noeth 
tim ag^ of t ^ liatu l^i«i Xengr^ and wA^% of 600 £l4ti i#exe 
4il«o c<aiQeivattS* f^ iiid &«» lac^ ilsli«*«M^^ % mHutSiomil^ oi tlw £4«li 
4a m»&& on tiMi €aia»iii^ «Acin o£ 10-34 iiati* 
A total of 314 f ls^ if^ i:^  alao ooll^ c t^iSfi £wsm tNi 
O(^ tiMt»0lal aftt£^N» -oi mm clv@c Kali at AUgasHt tmm oo«Dl9«r 
l^*l# «o A ^ sH 19?9» -^i# aoalaa oeillaetad tmm tiimm £i3b@a 
^ r ttia imfimtSq^U«m of aga« osokfyi and 
l«i^tli«iial#i% c<ala&loiiiiftii|i o i oatla »aa tim m^m aa ads^tod in 
othoif oaiq^ in aacli^r 
j^f amn^ yiM ^smati&m on %^ aoatle^ of catla iwom tlm 
Ea«»«h4iPi tmwmem>le &aa toyan a^uciiaii lagf ommting tha nasginal 
ein>a aitar tlia ^c@^«ioe o£ i4i»% ana m&omi^ smmHixmm l^igura 
1# sixMia %i)a »ant^y p^esanta^a o i i i ^ ^tH wifia d n ^ at t ^ 
m&^m mgm^ i4^ ciaKiHi ttmSami o i £ i ^ ^ ^ aaeginal £inga 
93 
prt3a«iit i^^tMman #^cU. nmd JuiM* thtta e^ihiiotliwst «n active 
gaowtki pmsiaa of tba fi«li» iho tiao oi aomaus ioa»atioo 
&Piioasm to v«uey %«i«ti «h0 m^m o i tlK» iiiAi* Tho tmaami mmaXua 
on «h^ oottios of thtt fXflft ac^ M e^a to havo laomk £oomd betwaao 
^uly mA rvyciiaxy iiHssina ^i ti%<s thlxvS aonuliio ao«iio to tiawo tooan 
iooMKl iiniteUw l»0»«aa(i a^ tamiMMr «nit Masoiu 
rjlgiura i t itixDiMi tho moatiay paxccii^ajo of catXa with 
mac^ inalwM&da sings on «tid aoiti* of Um HiNirifio £i«ti« nmsiJmm 
mmtoms of £ii^ y i ^ idUlo ciajs at the odgo %fa« fmma in Hay 
£ar Z iii^ S^QiMP dOd in ifveaa for ZX g^po g0CMi|^  £o«p^ctiv«ay* 
W$gi$s& i@ atn^ Mi the oo^s^siation i»~it««o«nn thsi ocsalo 
ioi^jth i»)Ki jaoosf l,€»»>9iti of catia of tim iusotham n s^cHrvolr* 'Hie 
ma&Xm ioogft^ i ines^.asoa a« tn© laoO^ Imtg^ AMmv&aa^ iMt t>)e 
sviativo inos^ad* «»an not j^miievtioiiato* A iwn X&mth gsoiVMi 
o£ tho £i«h liaird not c^ emKm-^ ad in tlia data Ixac^ uo® of «oiQ(»» 
tiv« £isi:i4n.^ * ^^^ sa(M« ia tha lim^ti% of the aoaZe tiwIiiM was 
^mttid tao )m x^iH^A&A liitS) th@ aiao of th# oaali in OBaiX r^ f i s^ 
ana i a £ ^ in las^or iJL9^ F i ^ with a ^taZ Zfisn^ t^-^  of aaS si^  
Uad aoalo i^i^jtli vacioa ]»-.««i««»Qn 4 wm at»l 6 ci©» Catia Mith 990 am 
totai li^ Eigtl) tiu4 vaciaticm iti ac«jdo :i^ [V;i^ 'i b&ti#o«tfi 7 mit and 
i2»9 tm, PXat/a VIZ a ami b alio«f th@ scaiiiii og £• S&$iA ^ ^ ^ 
riH»asioir« 
fi^ t^ti.^  i f aioMMi the staia ..icMnahi|> b^t^oan tim »3&X& 
iongth ana ix^ l^n^i of oatia of tim sivov Kail* 1ti@ long^ 
n 
o& i^ be 9oalm incs^m&ei^ &a ttm Im^^tii oi the £iah incsoaaoil* 
'Sim mkmtMmaSiXif htstsumn •6«I<i im^gf^ end Ixxly Xcng^ ertiould 
o@ iiAQk»r «rKi paoiMictioiuiti*. In tbo ewm oig eatla o£ tim ci¥&r 
JC^ Jli «h9»» was Qot hlg^ vadat^oo in acal« X^ajth <>£ tli@ son* 
l«i^«ti i^«cwi>* Vox «M«|4« ilati w i ^ )0Q m IUMI wsal* Xm»3^ 
vmiefijag iafttMMm I^ *2S »a te 7 nm* ana ii«h havH^ iaexir l>«ig^ 
o& 400 an hAfd aoalv X@tigiih v^ r^ U^M bctmacn 7 nei to s.aS HM* 
PlAttt vxsZa ana b aham Vtm •Ofti.es of dir^ciiM £• jMttA <=^  
-4L£f @i.-iQi% ago ^vni|^ « 
Figure 30 i^ ioMi tii& cttl«»a«it«id m.4in l<;ii^ rtbs £or ^£f<it«ii% 
a ^ i|SQ«i|^  o£ ea«l4A« IIKI tinli attAJUicMl an aimraga loi^jth of 
l^ tm, aa2 tmg 3 i ) OR* 404 {)ia« 439 »»« SXO ism« 560 mw 607 ma, 
§S3 aiii« IKMI aa# 743 tm, 776 on u^id 798 mi &% tlw «nd of X« XX, 
XZZ« XV« V« V:« VZZ« VXXX« XX« K, XI, XXX «ad XXXX fdacs o f U £ « 
r@i^ «^aeUvaly» £»«iaf (i@e9) oJas^ xvyKi cliat fey o£ oaVkm attoiaod 
27S RM XQ(ii»«h in tim Usmt four m^tluN »aj (X931) iouael that 
tim £ls^ i0CX&Aga of oatla having 1&2, mt to 229 iio in I^ocjtii 
attainod 4ia sei in l#»jtii in itv&t fcmr «»n«li«« Ailtamtii (i997} 
csportt:^ that in tm^xumn&tad tiat^ ^ss oatia jpnir to Soo tm Am 
X^mgth \3^ tha mA of th@ OLffst yuaC* Hitra (i94a) found that 
eatia attoinaa IXm (w^^ in ien^^; iji taidcs* iha x^onrth oi tho 
f i i ^ in th0 KoothaB i^ aaocwoic s^s^ ^am to ba alow aa oooi^as^ with 
t^idt of tho £i«h o£ othar anvisoneiacttn* Tha aXon ^ntntth of thoa 
£iirti »s^ isio «lua to poor f (&aaiiig oarKiitiona in tho mm^vmks aa 
34 
Vhm pl&tdsfyoa o£ tim s&99tm^t may hav^ ailveese «^£QC%« 
on i t s pQgi^itAsm <liMi te» «!)« i«^ ««MEtiyaoiitCti iiiCestatioii* Ttm 
tmtetfUyaiaiatli i s luMnm to eiXt&s tbm dbamjktal <|iiaiitit^ o£ mktaat 
iif id3MK»ciaiii9 many tt«9ai>tlaX iitttsl«afe«t tiiiioli otliec^ idUMi faoy m 
wHoHy <l^ p«nd&iig v^^an plmlktaK for I t s &xid p^<|ui,roffl6iit*« tlM 
¥»slatioii in pIiiiili«Mii paiMiIatloit i e lK»uiia to pxoanoo mxm 
XMlw&nm tt» the jioowtli o£ the €i«iw 
HM Otttla of t ^ cives JL« founa to attain IA2 f!«a« 2Si tm« 
334 am audi 406 a ^ i«i^|th isy tl3i« <ifid ot X« 2£« ZZI ana ZV y .ciss 
o i i i i « s< i^jp«ativ«ii]r« 9»9i«f«ii satio %fa« tettaff a« osmp&tx^ to 
ttno K«(i«foMi »sa^c«oi» ilth Oaieiiig tlia o«eiy S><i^  o i Xif«* 
rigiiiw ai •nous ttia iaataAtanaoiw or atp^acifie j£oi#th io} 
cat« o£ eatia at «he K^ntiiMi soaocvoiv in rt^iation to agii and 
«MMi l^ Minui t» to* SS»^ # 34I4« 2911, i39£« 2^>, 99C« 6r« W« S,9ie, 4IIC 
and 29$ i&or l^Z«Zi«W« Z1X^V« XV»V« V«VX« VX«VZZ« VZZ-VXZX, 
vzzi«ix« zx«x« K-ja« )cuxxz« 3ax..xzzz yoas^ ot ii-i® «w|ioctiv^]r« 
Th@ figuTQ 23 ahona tti* fl|)#ci£io gsoif^ rato in s^atfton to «ia« 
o£ tha £iah at t i^ KaKttlian »9ii#n»oijr» i t mmy Iw mMCk that tiba 
vaiuas of a^&oi£lc gasutft (a) MOSA iaAand to dtoofft^ iaa geatSuaily 
^ i^th inesi'^ MsiAsi ag« vpto Zx yeacs o i Iii«* Zt laay te o£ aoo* 
i^ter-^sat to nota that tha cmniitiii^a gwmth rat® xiBoe box oidav 
3S 
and %wlglk% o£ tli«s <3a«l« of ti)« K«««haM iRisfiKVwaJlr* l!lio sitl^^ 
tlopghtp ««•• yoiliQd out tay ^ lAtt iag tibm logaciteliR o£ aidaii 
l«iigrtli a% tuo «»i«l o i «oeii t^aw, ogainot the togftsittvi of t l i * 
OGir£@«pondii»^ oaloui^tad nuoii iM i i^ t * Htm i iKi^r^Miei^t oq^Mi* 
bog t« » «>l«7aa8 • 3.0179 109 S*. 
!)»» valiM ioi: th« slaipo *ii* wtm 3*0i79* 
i l«h of tho dvor Kan,* I t wm m^smamA aft 
1419 M • - u a u i a ^ 3«a9f 3 log i«, 
IHHS vaJUfti fioc %^ al«|p« *Q* waul 3«1^3* 'i):^ £iah tuosci IkHjdad to 
lio doiiig iMlX i n tii@ Koothan ffa«ocvolr tm uoU as In the dvev 
KaU* 
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Pi;iaiitoiJ of U"io Koot^-iaa y^msffvolt 
36 
a^idlad ( Jovind^ jt9ti£l| Qan^<^tJl and i^atttidw i9@>9i i»i^ >(3ni.v«MMii« 
ol%;ii.-svoa ta>e iaioom o£ laiue jctaon alga«i tii^a^ugN^ut t^ :)«i yoar Ui 
th@ <la<a£»ti!r ro^Mtcvoisa of TgmXX D«x£lii« I^Q £yrtl^oc s t a t ^ tiha% %i\m 
aoqi^r s^ixisvodrs Xlk® i-kspe hsJmt Hanixauthar ana PuKCStJ^ rsiki aire 
X&i4 jUi p£ouucU.vity« i'^ u^ o^Qcoingf to :ici»€siivaiian (a.9«l) ia&ue-
^ro<m &XjMt psne$«loraliiato Xn ckH&th Injlaii »ator»« Oofviaid (1969) 
@tu41ad xitm planktcxi o£ Tunja^ti^ra ro@o£^34r and found tliat 
ti%«^>% a^acA a ffQ^jco'JiiKStivaf ««i%a]»la«J.v«3 and ruooimsy pi-.'i;i4>d« in 
tlio drntttal c/ul@ o£ plankton pqptuiatJLon* ^«yias»ati «MIU Pafehak 
(lt6§>) t^unujLoa tiki c i^aj l mAVOVas i ^ ^ a j i rosarvoir) and 
oiLfexurv<QKi Uiat aoo^l.ankte>o p<i|»iX.ition t<jras hi..jh mm ixxo^i^t:&^ to the 
pqpu2.<^tlon oi; pii]r<G'i^ i^ m%«<m* "Xtitior fur^rior aaicii tlikit eotifora 
ititd @ai^ apaaffi ni^ ed a Imja {Mivsunt. o£ plMikton -^ thoir 
natuieal fooo* fhoy malnli' a«j|>onci U^ XKI aoapl.aalctPn @apc<ciaXIy 
£»tJL£ac@ ^na eXadocac^na (AXllsiuiihl« X9S2# 19S7i iiosm ana PiUay# 
JL962f Kl^ «m« i97a}« Ilioz:t£&9r<3 an att«f%>t has l»ci©n raadte to 
37 
iik««3«tl^ato t^m c|uaJUtatlv<a «aa (|U£tfit4tatiV0 variation o£ the 
i^iimti^lf plaiiktoo es«%>l,os muse ODlitsctod f som Ai«,^ i3t# 
i976 «o M^ 1^7? • i'lijiK^ton ODll^etion ^mm c a r d o a Ottt with thii 
hsaUp of « •ULk »@t m&Aisg^^ ^ X%h th@ f3MiMN«ha|»e(l owtonaian af 
24 en lei^%ii «iiKi 30*6 om iJl&mitmm a t tba top mXi^m o£ ttie laouth* 
A JUrjd t£i.":it tubo w<a0 a t t a o h ^ to the bottom eaouth of th@ oono* 
iJLl«a »^t«Mi4»iofi '^ ^)as« oalloctiaci of tho plankton \mm iftaslo« 
rurt.*^€(r laaiitfay pianktcm 8«if%,>Xo« waue aXao ooIl^Kstotl In a SOO cil 
£iot.tl«3« i%u© mef^Xiit& wQsfs £JLxe»a in Utca fi^oia wXtti Qf^mmSmit&lf 
3 toi o£ atanoard x«ugoi*8 aoiuticMi to ^inmsy 300 mi o£ ^lo 
l>i«jQlttu» ©affljpio* 13^ aannpio «^<nc<o ^OJkNn^ to aot t io tor av@r 48 
hau£a <ad»i tinofi tha (R^ NWERNitatit li^iuid ••j&m ailo'^ <# a^ tx> i:lam <mt« 
Tho etimaihing par t of th@ pianOctem -3«apia '^ a^a eontxift^od* fh® 
3U|piosi<iiitiifit Qkitariai '»«ti« pousml out on thcs pianktem counting 
oaiX Cor (|uaiitativa «03fa fioantitativci s^iaiysia* ^ miceo^aqpJLis 
tocs^^isMtioti of i i ^ mat@ri(sd v&M iMm&» 'Bnm ^^umtiMatioR mm 
2^>eataa tmi tSxmm for ^ac:h safs^pio* Various piafikC£H)ie it/anM 
t^»i«j i^iantiti-aa *Mpto pmorlo iav«^» tk»& of that pi@i)ktoii vmum 
aat»yfori3>3ci ia t^ ywoA^ Mi «^ ic»*;ra 'j;jnaric id@iiti£icatioa ODuiii not 
lao ikm&0 Iho r^«:itivo ai>:Kigi^ kdfic^  of daoh 9€3i)ora of the pi^aiiktaci 
^aro C:'^ ) aeva Al^cKit ( • ) • Itm Bt^m of the ifidivluiiai pXanktonic 
3B 
gronesa w«is alao tiikon into ocoenoit l a UtJUi asiail&rfiUEy oX s^kS f^l*-
oatlofw fox muis^^ a 3iajl«i flls«Baa% ..>f «n ol^ao \mm cegaSKiaa 
<ia a ;|Soui} of colls* 
fXjaxma 2S« ana 3Si» ^ a a ^ on tal4.e Z mm* ialmonthly 
vaiddtlQil In timit rt^a6lv@ aiaunuMfcaa o£ pti^ r^o l^acdctxan mxid 
aoqsilafiictaci S'^i^aatlVQijf In tha s^mmsmls* 
itlgiaa (Chlo»3|3ii]fC0ae)# the i9luo-sic«>QA alja^i (Myxcipijqfceao) and 
•?1^ ifF ^l^rVii' "^^ 9V«i«n aX-jtiei «#a« Uia Ooialiiant jsoup o£ t l ^ 
j^ '>lif'i&oplsdtklBPn tililioii w\A&a r^smii&Rtmi W l^ jon@ca« t^ao o& thm 
<j<mur« l«a« ^g^tJB»^|f|i^ ana Vbltmy ^jtmm fooat ai;%m <^»nt and th€»3« '*' 
m^rm psmvaat tiicmiyh out^  tJam jf^^t In U)« rosacwoiv* oth@>r 
9lf|lffBlj|iTJBIir liflimlfKltmB- Afltela^ w^ f^^ iiumi andl podla^tjeun^ i^aaie of 
fiTflfflfMIBIil ^^*<^  MSSSsMSXOk ^'^^^ aa<^isy &a^ w&so praj@n% In aiaiaXl 
mne^ jffiii In oastala tliwi a£ tha y#aff aa fih»«Ri In Fig* 23«* 
<^^ f^tmiMirfiltli '^^ '^^  B€mxm In t.ito rasaxwplr* ss^ isMaatlvaaai^  i9«9> 
39 
ij^Botvmi that pQpuXatiixM ot iiX^Mh-gmatm 3iX-^&& ^&.m poof in 
3ir«sMfilVaiiNKi (11969} also oiaa^rVDa that thi^oa »«• « (donlnanoe of 
t^ yiioplnpoeMMi duxlog Juii»<auXsr in £ihav«ni s i^or tvm&gm^t* 
iHAiDt^a al4itoa» lM»iGif^  «o tih€) family SaoiUasiophyoDMi ic»!^ oli 
«ra» x^a^s^t^mitdsA lay i i g«R@ra i n tho Kootham p^seswuir* tlisiQo of 
tihd gmmsm nmael^ HiiYlfiHiliiii- <>»«^afeatij^  ana fyMrlgi wcive doeiinant 
i n ^3o&% pact of the yoar* ?tHi ot^ter tlis^«i of tl^o gatrnvm vis* 
Fi.jU£^ 2Sl» s^niQflM ssooplahktcm |)Oi>ulati<« vihia. i s 
m^cmmaismi i»st4y ^ Psotoaoa«ui# i^otil^m and mkGtxp'^^jetmtaicmmmM 
TiK^ acs ti@£m £Qund UuPDU,^ iout the y«^<&r in th<^  co^ckwoif* £^ho 
otheit a i^iiM fii^tjll^f waa aum ^^nt o&Hy in tho wintuac season* 
/^»tp:|i]i^ gp« yats aoa&.'ca aa a j^on as th® oummtiir aots in« 
^^ ^^  '^^'f"^- ^^ h^@ii« thsi@«t g^neim %fiati:<@ oocKncmiy fouiki moat of 
tho tiiae of tlia yoait* !l»viKivuff» uns«it of £«iny aeKJiion d€>irn«i to 
ijrinei «atiattt o^ipiution in i t s pofp«iiaticM« 
|^CilD«CMlsilS^^^jat moQ® vmsQ smpm3m[it&& mainly isy CopopoOa 
js^ CXmkamn^* skm& of the e.ja@cNri micxo<-o£Ustg^3oan« t^r«i 
oycio^a^ Naii|>i<%eMi and HaollQla* f'*4iflflMtfMtt ap* ataon^ CQ^Q|)OCIH( 
%#aa( iMSatcoQ thec^^hcAtt tho yun r^ in tlw e^ s^N^moir* 
40 
Z% tarn JaaoKi feniiki Uiaib timn {^ j^ftoplankfecm pai>ul.^tioii 
Ui is a«iiai»a«4 ami Fathidc (1$MI9} found that «aot»Jl«fileton oute^ * 
mnalaastta pbyrtoplamcton i n ^kayajl tmxofvmx is«qfaji pasacwcKlr} of 
Owvsltaf o£ ggptogoaim^ Csii8«aOMrui# notlfaeo iw^ Phifisis^X0gik.tfm 
mil»tgAm iiaha m jt^^ i Xli7l) i^ao onO* alMiiar otooervutii^na i n 
p}iy«a|>lank«an popv^ ^ <^ i<>ii «^)i.lA etemdirliig tha oeaaooai £liietaa» 
Ubon o£ Vearioua yfSSMp «>£ off^tttlsaw. sstEMwiivaaan (1949) eaportiad 
&tM«; ulatxnai mid iAwtmqmmi aigaa wstea ckamiiiaat^  i n ^iauth laOiaii 
%iat^r« as waa alao unta £ar t!tm lKL«M»thaRi rasarwoXr* i^feyvind (I9lb9> 
ri^ porfead ttiat diioisBqpS'^ rcRQaia ouAtiriJaiitad 24$'' o£ planklu^a l>a{wla«> 
^ t i £ a s a X «^3K« Cladoccsa 3.59t tmd COfKapoOa 1S«V('^  
no.ES* BI-MONTHLY VARIATION IN THE ABUNDANCE 
OF P H Y T O P L A N K T O N OF KtETHAM RCStiWOiN 
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rood 0#liiectlo{i oi <tf||%|in *^^ff aiKi i t s i&&fU:oq 
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idSfti Aliiomlidl* lSrS2« i t s ? and flora i^nel PUXay, 1942) • Xt U 
}mmm timt JinJ^A iS^tlA {Ite0i«)« L t^aaQ aahit^ (H«IB«) wia 
o i the •ta^nadat wa«©ai rusi^KstlvteXy (Mc9oitorJ@«i« I94$f ^^ac s^usrjeo 
dUMl 3£ifkjia«3f« 194&f ChmaOm a»a danagyaU.* X9dl}, iiatsajan im4 
Jhiftgcaa (1^3) oon^cl^stici £ , flildift as guart^ce Sowlar ami thay 
furf^iar said tl)<i^ t Ui^ £i«li «ia^ Xoc«i a l l Xay.:-rs Q£ t^atcir* 
Heaa ami ii^acta (194S)« L^wis j ^ jij^ ( i 9 m ) , tvfkm (ll»ei) 
ami Ccaeacir ami HasnoU (197<^  havo aacLLoir a@a],% %fi^ feaodl al^o* 
t ion in £iafti@«ii ConaJUksssala&o %#D£|( cm fcieillnig roXaticMan i^ip ana 
§oen^ oooiMititlan naming' Cl^kaa o£ Ciha a<aiK@ ooimnKiil^ has |}Q@n 
<l»ilo lay a £<»if sol^nt la ts (liarUay« 1948| Hac Arthur ana I«afVina# 
iS»64| mian and ^iJai«|tii« 1973 and Ja f s i and Hyatafa* WTI) • tlia 
p£ i^@ f^it Qtmkg f^imkm ^^ith tha food piciit&:.mimt o£ £• jB^y^l i^''*^ ^^^ 
ictoKllngi )0^<jUonal3il^ uitu oth^r major caqps vis$» £• )|f*-«ja^ ,^f ami 
h* M^sASUk <^ ^ ^ '^ d v o r ^aU. in ^orth India* 
^ £• jSititA («i^ ^€i 130 mil «o 460 nra) and 80 £« i;iMArH|J^ fl 
(170 am «o 460 tm) wo£@ c^lluctoa fxum the ae>fiime£aial f i ^ 
42 
catfi^0» o£ the r ivar a^uUL In ^llgaxti al®t<ict ist^n rnxsGimms 
to 490 nn) i«@r« ^ « o ooIX#ct«S in Mmsoh li>?9* 7h« gat o£ aactt 
£iiili %ias p»a»v«xl £«Dia the iaoOsr ^nd th i s ^aam pnmotmMl Xa Sr> 
iassa^lAiio for the ^xaeiinatioii o£ I t s oon&einta* h tmt portJLemm 
of ti\» gnat tiisc^ o i t Ojp«ci and a l l the food prmo&nt, in tli«iii vas 
talMm <9ut Jjoto a patjaUOiaii omtaiitUrt; tiat^r* A BmigXm o£ 0*5 n i 
iim4. Bdbmi ^Ith i#at<kdr ^^m ti^itm cmt on a aUld* 4iiia (aaMEainodi 
imuor « ra&xsttHioQpia* mat fooA Xte»e M^z.«i l4m»%Xtl&A vipto gm&tXe 
I.QV@I.« 3lEi@ food it^ MMi '«; '{^ a»iiar.^ iund ti>@ir rala«i«« abi«i4ca»o« 
tr^ o* imm^ a» p^cc^mta^ o£ to t a l Uootd itoa® o>un odl in th@ 
»a^f^9 Mia »y>i«i ];>4iee..jitaj«i oi£ vn&ie^ Xt/mtk %aQa a«itaaBiiiittdU 
1^M» i^stlatlva po£iC'giit^ vi43 o£ v«»riaus pXanktoiiic ovrf&nlmam 
pemsusnt in tte@ £iVG»r K«Ii was do^^ssminod in a slJBlXiur meynner 4MI 
tlid pcHBoontAjtt QI £ood i t^as wa« oaXcol^tad in ths yut <^mtonts» 
jSkO ifiKioK oi s^i^actiofi o r @l«'ictlvity intJ«c (&> waa calcalatad &m 
s • i^-f^ (l^^# i96i) 
%4%a£# *£|« i s Vm roiativQ 4%»ot<:»:^  o£ iadn(/ in:jt€M3i<afit Jynt t l ^ 
cation «^prM(«€ia &»• pm&mta.j0 o£ to ta l sutiim smd *pi* i s tli@ 
stsiativa value of Urn mamm Xik^sm^mxt in the £oocl aoepX&t of ttm 
onvXjBooadOt* Duo alue o£ * &* rmig&m fsoei • ! to «!• the £o)En0r 
idtienotfQS a a»|>l#%a {soaitivo ital^sctiPii % h^iil« th@ lai;«^ir iiitlia«itiMi 
43 
a oo0v^ut«r aogifttJivo •al«)Qtloa« A vaivui of o sos^t^a&nta ootapl^ots 
Tim iooa ooiago&XtUm o£ £• '^n§M ^''^ k» g*:^ ^^ ^^^ M^ a l io 
Ttm K&n^-jt^ ingBi^X&9 ot plj«nktu«i o£ thu s ivar Kali %#ore 
C^k^tiSC VXXX* 
CDtif ^ os ana psotsotfoans* l»h^taopl«iiktao n^cc^^aimtdd tay t l ^ 
of aaa^odkijey ie^ioctafioa in tim uXot oi ai^alt tlakUi -^t tXmm the 
£iah tiierQ aiao o^vmdi to C(MKI on a»fM»ll<^« £aDll.tUK:js and rrtaceo-* 
TaiJila 12 aTMTMO tlicr pa>rc<i«itaja of varloua iooti itoma in 
«i'ic3 jut. ou«it»9ats idL) ana ty:ii0 paveuat^.:^ of amaa itesiiso found in 
aie eivar Kali Cpi) a£ia £loo%ivi%y Zoslax (£) of aoults of 
£• fffjIAfl- ^ ^ £• fn%ig|| waa fmmtl a@lactJ.ve in tm^Mmu i^h^tm 
tit&Q a atSDug lao^tium ael^cUxm £off u^Jorit-y of %km t^x:Xim of 
aoQplMik^tm and i^ty^ soiiladQl&lBcm* Jiioraa Bwanflte^ ca of pxotoacNiria 
44 
iJi ti-m dap £ • iiftSjyij^ t^ «(pitl'V«i» miX^Qtlioa was shown to 
ii?4flilMAft ^ * 
th« S>r4rtopJlafileti£Hi« i^ i* MSiA o£ ^ ^ xlvor Kai l psmimwmA ta 2o«d 
€=>** )^ fi^ Q«>'i|a'»3ea^  y.ffla*aqaocnta|.m iSfil&jytfllA* ffiltjyifflflTfflM^ TllliliUnOT 
pn^flffltiffm- 9nHgwiiAiiHr niiirtivioiiininii « i^ ^itegihirt'iii- '^^ ^ ^^"^ 
•iXMad dlaUIca to tliHilnaiUMMi %BlA^Hitr ^^fi^ffftl- SStSSSD/M^ 
oqcaaftionatly ooniiuiiad i n amaXl ^luaatAty ^ tho £i«h« 
thm siv^'ff Kai l * tH^aitlva salootion mat m^omi isfi ttm oatJia for 
maUm0 SIAmHaffiYiUt " ^ ftnutiimn* Sagativa aoX^ctloa ^aa ^)owi 
tcmax l^a sm§t o£ th<» thxoa ganaca i.«a* faAiUlATIIi' fhflliHl4fi^m «>n^  
?riiiliil[iiiilr?ilii-
Tmst of ttva gan^ra via* MSiXJ^BSAuUk ^'^ ^^'F'^^'^^^Jt *^^ 
B«M3iXiasJyQphyoaaa vrara not p«i»f asad aa £<Qod» i^iateae^ m^ 
Tififffi^lifllitfl ^'^^ oonauiMMl is^ tkm £4al» fr^^iiMatly* further poait&ve 
aal««:tlpn v^ as aXoo al)0>wii to avnad^^ ^flilfi^^fli' IfflitiHtflto-
tha {aajor portiioii o£ tha d la t of £ • ffljyiA'^IITiyi^ oi^a^atad 
o l «laoayacl anu a€«ali«aac«^aii atiuatlo vagatattla4»# wosna and 
4S 
aolJLuaoi* otimt food Itemm iKaestaly gxmoin aigo®* atwi^mgwemn 
Tim food o£ It* Jis^iym o£ th«t elvtiC KaOJL a>(islstad chiefly 
og plQr<»plamcte}il (iMsiaii@£S of Ctaosioi>)^ pc»aQtt« HysajfitigfoettA and 
B^aillajgiq^hycoatt)» hi^®c «ic|ttftU.o plaiittt alia »oopl«filc«oii 
iG3m»%&aman laxvaa^ ciadooesttoii^ i«i»tSJai:;ii and Pmtemoetm}* At 
ti i ie* tha £i«a» m^tem «!«» iooiidi ito food cm yoxoMi* taoliiMKMi and 
Figu^te SMki 3hoi«8 thu rf^ X t^ivfik auun..aiK30 of plqrtxjpl^i^ton 
ofi tiht® dv^^r KaU. iMxsAx^y tinQ mammzt ttm phy%oplaniclsiran wmen 
s^xmiGMieA wi Chlosephfcxsaa* Ky3«oipl^ iro@a« and aacdXlaidyQfil;qfts«MMi 
Xn th€s sivtiir Kali,* Hio €3!tlo8Bq;?)'qrQ«MM ^afl iouna in alutai^iajic* tfid 
«#«ui ipQ|»c@;aaaiMd ivg ovor tsMnty gcmeira* acxa^ o£ tl»g» j^paofsica v i a * 
B^t>>^  i^iifttitllSi'^ AB W'-'&~« nos^ ooraiwm ..>tty%DiplMili«oii iM tha d v ^ r Kali* 
iPtta mim^»&iC9 of iia<U.Ilasi4apiiyc^Nia wusia alao faucia in good inimt3@rs« 
ri<,^ ;ur«) a6£i ahoNMi tiiwi c^i<itiv@ aiAinuanca of varicmo ^onosa 
o£ soqpi^ tfyctsewi ir^iic^ ymsi^ c^sT'^ ^saoc i^d !»/ n>ti£effa« oop^pdda and 
CiaKlEKS«3Ca« 
Z% i s o^wimaa tmm, tim etalativa «Miniidxioa o£ piiundst&n o£ 
46 
vas lu ty oii pl.tfiktoa« ilo^^^var i t i s intur^itJU»^ tbo note th«tt 
n a a t o i th@ I^XKI It^tm i#erQ found t a occur i n thm Oiot o€ tho 
thiMM Oiiis> j%K^'.f« Hut th«3Jlr p^rotao«0'v|«i d i f fered MasfsaOi/* 
aimil-ir iy ttio <iti££es«iic^» i n t2:»«i amouilt o£ «l%y f^iod itois 9at«a 
ij^ the tJhx&& £i9ti i^^u«3i«^ t<#«ss^  oiwicMfci i n Fi^* 27* 1l»@ isiaior 
poet ioo of tho <&i@t oi £• Qi^t^f oooaidtod of anoc^ifiknktofi 
(Csu««a<s«Mtfi 2,«irv»o« Ci^ybedsaits* iiotiiiiias ana Psotoaosiui)* tlMi 
lood oi £* fgf^ '^ifi^ f^ t^ sut dasKUsatwd lay hijli^^r mittatio p lan ts* tioxxaa 
a^ iKi «iul3Uia(3« u i o t ««iiiio tho tooKl o t |t* n i h ^ ^ ^ott doCAlfldtoa Qif 
pnt^itsij^lmiiamn* At tiinaa j ^ a ah i t a a i so oonsunod phytof l^al la teMi 
ami i!kJucfi»ii¥^«tdtioti 4Ua araail quan t i ty , Zt i o o iuar ium th« 
ai^i^oswiiticns th&t thcAJt^ neow o i t t ^ ikioa it^ims w^ r^-..^  sliap^a b^ 
a i l Um ttiCQ® tlB'n »j,xiioi«K»# t h o i r pasc^citacjo va£i<9d £«3m ana 
%»'.<;ii-^ tti *Mx::iUmi: «ina ct-jtyt food itcima nihicti mjr@ dc^ftliiont In 
on<s ii|»«K2ia0 «#<.«£« of &«do.dftaa£y iie^^ct^uica to otli^jr t^aKs* i i a h &pmA*m 
(Khiin ana ^u(ii4|ui« i^73)« 
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Vaiicilty oil 4»c«4.tao In «IKI«I d«itcKBnJja i^tlaii of Znaiaii naJOK 
tiatAmjaii ana Jhiiigrasi« J ^ 3 | Kamalf 1^7 ana Khofi« 1972) • tlM 
tliet dv j^ff #)ovftKl a l inear V93latlaa«hlp %ilth gxowth in ionrilUi of 
tho £J.fll)@«, tha etalationohlp ^as oiMfJU^lent to concXttOft that. 
ti)« gcmmi In »eaio»4{»)gth vms peoportional to ^tmsX^ in x^xly«» 
Io»jth* M«j)oe ti«Ge aeaiiia oan )» UO^KI In syfo Uot^^xmin^atioa of 
tii&t tXakkm A posi t ive oonmiaticm warn gound be&^MSNon flcalo»l<3i^grth 
timd texiybklonjth oi tlia caiqp9* *Sii>& nunlaer o£ gsmith d n j a 
i.fK:r<^ aa«»a aa «gfl> of «iV3 fiah inccoaaea* Ih^ cliatanoe l»..}t»feai> 
mitisocNHMlwi amnili C^CCQUSMMKI a« ag« ixnavmaoA inolcating slow 
irats of ^xowtD «^:M» tha fiah JK^ ocmo oici« Itnis I t ^^ o^ t coficluaad 
tli«it ai»iiil«3jtr oarlilngs cat t2»3 ^oaX^m of major caipa c«in Ixi auociiio»» 
£ttXiy 4at«Q^r^twt i n a^jii^ of tb# fiahas* 
^iil« fluisginaX gso«fth cin^a on th@ aealoa of %im oaQ^a 
i«aico atutiiod in order to aatniias tlio UJ»9 of anmilua fostoatioa* 
Shm txsm oi animXiut ioxi(i>%tion ^i^^^mtiWoA ut v-^ r^y ^ t h tho ftisi« and 
fiijtt (»f iy^ i«i fi«lt« tha fosaatlon of f i r a t annultta in a l l the throe 
mtt^ is^m^tm s tar ted a«irlior in tim muutMi thm tha «RjilMS«iqu@ot 
amtuli in hi.jli@r age jBcwJ^ pa* Khan ami ^Jdiqi i i (1973)* ^^%m 
at>u^ying thm &J& ami .jjaeMrth of rutm« J^ yiMBt «a^t|i'| x^xim. a pofKl 
CMo t^) and rivu^r vS^ mg^  and ^^ ismma £ouna that an '^itted rin-j fomatioR 
48 
took pl^«» oarlioir in anallar i ishee i^ na l a to r In iaxger f4^)e» 
in the a0aiK,4W 
scales <.M£iiicj iat@ winter* 2 t i s gm^:ietikllf acc€pt«a that oesaatloii 
i n gsmitu a£ tlit^ fiia^ vOLll sistmiXt, in %li@ £omEN»&ion o£ a n^sik o r 
^took on •o^Qs (Van oo««)»n* i^29; n>mian0 i9S3 onJi ^mitxxqf and 
Q^tl&m3m:0 i9S*)« 3«iv&rai. aAntDors a^jgaat^ixi voisioy* e^aaoiis for 
tli^' fatfj^itl^ici o£ Mt aaaiaiia« «uoh ao th© a^aaonai variation i n 
iooOina intensity ithomas* X904| K^at«mtfi« IS^43| asim* X9S7f 
llatasajan ana Jhingcan* l^i 4 Khan {»na i-iiu->iquki# 1973) # ^avning 
(!iart^3r« i^47f l^ kan* WIA, 1942i I«»ii&r« 19S6| riicksisiiy^ if«3« 
an i^ 'ioar asia i^ny«Xi# i9«9} und t«B|»er^.tur« (Van Ooat«m« 1929 
and Jhi.ngcan# in^Sd) • 
i t io assuaodl tJiat &n amiuXtta ot t^ vc- fish acaX@ ia £asmodi 
aa a rom^Xt a£ acia© fiiymiologiQaX siitp»i»i« ^)e faajor caxi>i3 uauaXiy 
fcJo iiot l3£<atKl in o.>.i4fin*xl '..'atara, iaut tfkalr >jona^ tjb ciefve^ lojp and 
a t t a in RkitUffity* 'Iti© i3r«*-jiitag jtouil-.4i of most of tJie majter 
oa i :^ as?3 r ivers ansi othar miming wat«r©« %^ iitraos causwKi dua 
to non-^ai*ritiag o£ fch© tltsh in thta snsa^rvoir may hav© boan 
api^ otiPEsd in tha togm o i an ammXua* Ssoim (x^37) r^i>orta^ tha t 
pi^a4oio;jicaX s t rass vmf u|M»at intaxnaX baXaiK o^ of the £i#i and 
a..foot ^anoraX g£owtl) patt^^m* ltu» spent fi^ihoa ara v^xy woak* 
@»^  luatoii 4and vuXa^ t^ala^a avan to a X i ^ t <:d:iaAyre@ in tha aooayataau 
Thu £i-~Jimi oi tha rXvusr braed dbidn^ th@ laoikaQon an<^  g(.>t aadiaiyuitad* 
49 
appear %> l30 s^atedd i«l.ti% tim mmmXUB foznkiitimi in i&h® sAm^KSjom 
g^i^mm* ^^m &mmXxm mm &gf»mAK&iA e^urUlar In tJtm mmmm i a I 
Zt tMii imim fkamm «hi»fc %l^ alMKilit^ gsowtH of £• ^KfifflUlft 
was bettor m&a t3tm% of tii»s otli#ff major oai^w (Fig* :^}« nm^lkmw 
S* A l i i ^ ^"^ £«pciirti©d im ^^tm &m&%m&t gwmiAjaq fl|»ooias mtmg &im^ 
( u ^ « iaa tK £• m%M of ttm r>^ :.^ «eciK»iir yas gcowsing slower than 
goomdni .ioj0ftQ of tHa %(tillMl f 4.JSh CogiaeyMapt jmyBtt ^^ >* mpsketead in 
C t^mdjjMn. ana iiiisaieua w^imtm ^ n i t ^ (i9dt) • mi^i im^\ m^Xo^MmX 
t l iat ttio c^oacm for S^ MSII GsdLatom:® mm smlatfid^ f»»liily to l^onMN* 
tiottl £aolap>c@ i^^ioh t#ti^ 'jr<tt i»h@sitiafl i.mm omm gmmtMtixm i» MIOtiler* 
11^  £iii:%iiar ®aia t l ^ t tiie mrnkm^mmttX faofeoni i»v« l i t t l o 
i.i»£li«@fic3o 4n iiijiixmtiog m^oti ioiiao* f^ wn^m-^m gso^ ^mn of 9 - 9 i ^ i 
Xa tSam TBmmxmlTS m9^ Umm te«ci oaMSW^ MI a resAilt of m^^msmm 
miimam o£ iiiat@rMliv«aiiii^ ifii#^3«4iti£»i in ^m w^mnsvolr* Xt may 
imi »i'jEii£ics«tt to poi»% cAit ti^% f^ io gisoiith o£ tli« ]dlveri»@ 
omsi^ a ^-as tei^tar tisaii that o£ tiMi o # i ^ of W^m Kae&iaiii rosorvoir 
ViJi^ aiUBSaJiii iWiii teil? ia les taUmi in feho Ke^thaiB ic«®Grwair» 
'Ilio watttr*>4oi#iil, £XtyKjC»iatia»a i n tim iR^smtStrnm WBB&KVeA£ ti@m hmm 
so 
Vixt^it had dliir^dot s«datioiiitfi%» w i t h gsowth &aid msom o i i i i£^«ta« 
tjUm ot wat&r<4^aolcitlu thtt h i i ; j ^ r tho i i i t«iMii.ty o f watosh* 
i i ^ac ln th ^MitmtMtixm Vb& h l g ^ r th& w^tm ot y^at^r loss* ^ifNaaear 
( iw l z ) s^ijovttocl £ « » XodaiiottLaii Mmtistsm» looa o f natear aigti% 
oiDSO^ (11^74) alao f^njoctod an <&v@r«^ watar lo«« o f U90gai/<3K?/ 
Oay f » « i «h« tmtsshiJhgfatainth la£&@tad a^jas* DM> watac^-liaraeliitH 
ai^^^mkJM as « t h i ck mat on the wat^r mxet^toa o£ tJie siaAsfvoir 
in i i i ia i t ixk j XXgtit poott t rat ion wttioh r a w d t i n low psK^Oict iv i ty, 
F a i r i j f largt i ar«»a« o£ t i ^ wrat&r siijtfac® i s p rac t i oa l l i f cu t o f f 
le^m tiiJytKl act ion 00 tha <lisaoiv«>cl oasir^on ( |uant i ty was £outtl 
iCKtc.'Cod i n «3uci2i arcias* i s i n i i ^ r oanuiticms weeiai r^^posted f eon 
um ^outhsm Unit^Kl stat«is (l^ynoh j m j j ^ 1947) and f earn Java 
(Miok l ing* it«3> • oi3sta«a« in l i j h t penet ra t ion i i^ 'UiJita 
pt^rtapi^ankton pccxJitetion ^ i d h^noe «ilv>@raeJ.y a£i«Ksts tho primacy 
pficKltHstlifitgf* me liasOiqids 2t4«o ( i3«3 !/«>«£«) was paox&A 
ainii ial i ir o r laianniaaily i n the rciscei^air to osaOicato tho watS9» 
hyacinth* I^ator* thtt cli^!O0B^3<^ i^ateo^tjfaointh ocsatad asoacyo* 
g^snation i n tho eoofl^steia* Kinj[ af»l PanfouHOii (1946) aiso 
oD^QWoa tho <la»Kfgonation p-siaiMirt/ o f odcsoei^ioaing i#o«£ls# ^hicdi 
i no l r - s^ t l y h«$£ii tha f i i ^ and i t s g£«afi#th« 
Figii«a 31 'Snt»m th^it raonthly var ia t icm i n taR|>cicalsu.r@# 
oissQl'vad 03^;i«m ana pH a t thts ic«atn«ei ffoeerwoir. i t io 4i@aolvod 
oxy^ion Quntcsnt w«ai ote#e«@d to ran-.^ i»«itiiiaen S*0 and l i«S piM* 
n 
The mx%m o£ tho ox^gm» ocmtmix kiX-jimx tium k e^X&etm lQ€ff> 
oaturatjUaci* Him i?H mas oifaoat n€U%Sia3» thstiu^^ic^t tHo fosx* 
ma fl|H3cl.£lQ gso«ith Q£ «h^ C«MII3P« %#»• Souna to ba aiaostoosisig 
'wiUi iiiciix'MaX^^ j' iM<a QO^  sijso. f i f t y p®cc@nit o£ t o u a IXtM^m 
30!»^th «f£ui oovox^ dd c&idLiigf tim £ i r» t ye^r* By ScAisth yeair o i 
24.£9 i^>adUic 0eow«h i^acemmoA ixtnaimi^Af* H^iojr oaQM a t t a in 
ifkiuudlti' uf tbo oci^  of ZX or xxz y«iir oi HMm* After attaifiing 
mjitiudity geoifth potential, i a «w>re Oiractcid toifarda gs^ Hiaa iNailaing 
than ixiKiy Jtiiioixig* ^ ouriftjr i@Bi£t(^ £<a aga* spattilie ;jrcHfth ra ta 
i«$ia ta.^1* Af t;@tr attoinisi^ utatusity *^ ^imiX£.lc grcprtb dbGry»aa«Ml 
tlia v^lua for um alaip *i>* w«a 3«3ciei (Pig* §») iaiMi 3*2973 
{Fi^, 24> ior £• «^ 'r*'fn^ ff ^*^ £• iKjyyi rv3iv«»'^ ^vadLy* IIKI idaai 
vaitia i:or ti«^ aiftp *n* i a 3 (Aiian^ 1S»38}« In ^im c^ao o£ 
£* f^ *1liTffll^ li ^^ ^ ^ K«iot^ n«R r«a«axv»ir tha vaiua waa aIi.#iU.y lowor 
truafi 3« laiat £• '^ TPi'^ ii^ iff o£ ^^ civ#r iCali baid vaXua tii-jh^r ti^aa 
3« £• ffiEkti^A o^ ^ i ^ Re«tlM0i r«^ ®«sr^ itatir a|i|»«^ciKl tt'iia wtiiia 
£• SydwaflJA ^^ ^ ^ ri^r<^ Kali i«aa soiAtst* ttvcra v#aa not vieixy 
^iidhi a&i^aticm iwem «h@ idaal vaiua of 3# IWKI/Q^ l% E»ay ^ 
atatad that ^«»i#tli oun^tioaa ^^ra aoar to tha ioaaX canciitiotia* 
tlie Aatura of %fatar emi tm datarminai^ lay th@ px-'-^mom 
igiM alss«M»os of aom^ ai>o«2iua oi piai^toiw s^^ ^ayar (H^ci) was o£ 
S2 
ti\e osiiiiioo timt tho pr^sonce of lyyBBEUatillA along i a auffiolent 
to a:>iicluiKi tlK) m&tsoipiiio a tsuum of ^isatar* A pPgltmiifii^ Ky «ttrv«y 
itio &:JO|»iankiscwi wosr© ilouiiu tliecnifjliout the y-..:ar i a pX^ity* 
l£^&aS^yi£ and i|g,,|^aitoai> 'i^ :ia v>th..*r 'aocjiilaiitctoii, ao|x%30.ji and 
re\malal tlia% tho pc^ul-^tlc^ of sooplan^tc^ was lo^« 'il%e tsf 
«ai)d £iiigcrliiigs of cajqiMi av& kiiaws:i ta £»e vtaracdoUA iomk^ra o£ 
plai^ctoD (AlAkunM, 19S2# ;iatll# il^49| Ktiaa, JLU72), /'ic^aor^ng 
the survival o£ £ir/ OIKI ting^tliMsm of O£u:|>o l a alaj<'.>U.y 
tt*e Jia,v^4ilc0 of a l l tiiw ^ajor o^t^o <ii%^md an planktoa, 
o«^>etitio«i for f«..3oa caay o ^ a t a^ i^c^ jy ti-uM^ hQ tj:mf Ji»w* UwAr 
a.fi'Ui -..iAiftisrfjakt nlah©i !K»ICQ tlM cc^ !ap«tHd4Ma for food <,a^ - s^ jac® 
S3 
i n mlniaKiiiad* no i t m&^ IOK^ said tlMt tim wiXiosm &J^moXM^ 
fbd fiaottoi!) M a t « of th© li^ M»tlNim £^^»i!Ciioir w^sm mainly 
r@p£u@€»it£Kl &if HolliMioai* Mtt%ft l l^ ana AstliiioiiGNduu ttellti^SMi 
at;u:l^kjut;^ to tlitt^ «ikvall4la411t^ a i tiot,wm laiotft %i(ty.4£M.t I s €ia«iXy 
ftfli^iiAAi' ffy#M§-' ^syyift ^^^ MMS^ '^^C® imu i^ i n ^^ oeKl am&smjs I n 
t.tii%JiriJC]f %:» &<ali9Qt tmBt oi t ^ SfcCK i^lutiktQii* ^av<dflt^ 1:1 v# p<a£«Q«a!t, 
S4 
j»j austiiuQ £@«3a«v (Hs3c i^erjtt« i94S| MooiiBrJ* ami Oao^ualy* i t ^ t 
i»^ Mittiem^ i9St}» tha uptaisn^ Ktiutli of £• £ i y ^ ^lup^sorts tb«t 
vl^w o£ miidSsicMi focadlngr hfiki;;At» USUJUM | | ^ ^fpt^^^ £^ f^ ;^||fl| €e«d 
i3]r » u « i ^ «tio food ana tSk s^ci a m tio aanoorjr pupillao as imt^mXm 
di£.t«icha(l tu the taouth* »4«npfi i^b Jll ^ 1939} atiidiod the £9«diiig 
tlio ^X^ k^ raa a piidi^tepa £<ii'jdar^  tho toOKl itono uoin-j alja©« 
i:ui,j)Mii: plaiiua^ C£us";;^ ^uaiis# psotoaoans« i>ol](^ K>^ rta# ro t l t a r s and 
rr^jliuiacsa r«atar<»ian a^ iu Jltlnji^n {1961) ra^ ^x r^t^ c^  that juvoni-Ie 
S* fF^^ t^ »iiti<>l/ ^«i^ CM raDlittuca* t ! i ^ furthesr aai^:! that th« 
pi^ toyiX i^niaBoii wor« aJUK> aunmnaa in good cjuantity* Hoosm vaA 
Ch«o2cD Ci^3ft) sm!pt»€%imX t l ^ t tlM» pofMiiatioa of ffYtiiffmii' 
Thoma* (WSf and I S ^ ) aa^gMmiri th & saain £uod itoiwi o£ £• ^ffi |^g 
€ii)a statod that asustacwNKi laxv««« n»tif er«<t oia^ i^oo^ j^tsvoM and 
psoto^oafiM %f«ino thta saajUi £oo4 itomi* 
£t iioa iJM«»i ioui'«.^  tli< t^ lii'jliwsr a .^uatJLc v«3^ gi«it£ktiu:i^  uoxia* 
civuCiiMi j ^ fliilf^ rf-tfffl- ^^ '^^  ^^ ^'^ tjo>i.&3i £ooa it«^e^ SO^ ' ^mm 
•iX>iJ»U.Uit©cl ijy iit-gjiter pianta, Daa *j«.^  Holtra (ii*S3) as-tcriUioii 
&* «|*r*i^ *^ ff o.jliiK:t«id i.SQ£a i^^srtain local ponda of Uttar PrmOmtiti 
a j^u«it4a |>isMita# <*li.j«uhbl (i952 af»a i9S7) waa aXuo t,£ tho a|>laioo 
ss 
t h a t %tui <3O0d i t^ma o£ a i^uJLt £ • f^'^lUfliyill vcuca dacaS'odi organic 
f l ia food i t i^t ts fouaci i i t Ui& gat« o f It* "*>**^^ suppovt 
t l)3 vitnf o£ coluwi fottdl f i^ ikfttux»# ijy vt^t&aontXm oolvim «fat»r 
pX<tfi}6teii i n l i l i^ a i9W t i ie d i i o f fooa xum o f |^* Jig f^iyUft ^'^ ^ ^ 
2;:4v€»« K a l i %«i3t« £oU(ia m» phyttapi^Akfeoiu i^ sxtog ptigftopllMnikfeoii* 
v<i(ju0 oolwtltutQGli ir/ aoapl^Ad^boa* Claniooaraii»» CsuntaocMiii Xdnra« 
aqpAatio pl.£iiit« ., sm ttkwo ocunoueiea Isy |t« |gi;]^ty|. Khan ^jiid 
^ i d i ^ i u l (1973) £ouflKl afTr o£ tim O l ^ t aa gx^sien al jott^ t i t i l l o 
AikOSOVi^iOtfttiOil W4MI l.i«8r»» 
X t h^a i3c3«iii £maici t j ia t m^ii^ o f tti& £OCKI itcKOa ijotxs OIIASQM^ 
i ^ aiJi tiMi ths«Ni iX&k% apocio^^ th^ t i r p€i«o«Kita i« var l i id tmm one 
ipoc lc^ Co anothoc ami %bi3 &?c>a it;an® yiiictk m^v& 4animmt i n os» 
^ u c l a « \me& of chicjofiaar/ Jj|iofft«nc@ to o ^ i s r ISMD f i s h aipecl^i 
(Klian ana ^aai<|a i« 1^73) • i t # l « « the£^etfos^« Ci>ncluaoa t h a t th« 
thSNwi a|)€Ksl€^ o& cejqpMi havqi an intaeact lVt segsvirjAtion i n t h a i i : 
f^cjOingi ha i4 t (N i i ^«^ i« 191^7} • A l l an (194X) i x i in tod t ^ t t h a t 
th® £}^taviQiir o£ £ i ^ p i ^ « «tfi i iBport.int coia i n tho A^XcKstioa 
mm;^cmMiiLam0 I»it IsoaiOc^ tho ^ehaviemr o i the £ i« [ ^ th@ px^DUucticxn 
a t any tooa i««n i s aotiwwtnod lay tha natwp^ o£ tha <»xvlx!onpieiit 
.iifid th© a v o i i a ^ X i t y o^si^ onu i^ cm t^'^ l»^ia«iayr o£ the food 
os'jitfiians aiae>« f lms tim fiah^Mi #aiaet t^ ^^^Jlr £ao<l imm thoBm 
£ood Xtmsm id^e^ Ava msxwum^lm to tUi^ fa in tim onvlscmaQiit* 
Khan «aa £ii.k i^i(|ul (i.^73) a«ila Uiut. sdafktAUfla to Booal gpiartlng 
tiaiaits o£ th0 th£«« «|>aci<$s t»ttvi» aXoo mlfUnisttd the oanipiitltioil* 
thia^ further Mkid th^ t^ ttimigN iio« ^tudictljf uia^  j^^ anseally the9« 
£1011 f^c»tici,#» ot»taia ttmlx ioo«l iwam dl^foioaiit aon«» o£ tiio onvl** 
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! • .^#£:2thai^  la mi act^^lcldX v&m&rvoXx:^ f»m.t,sMct&a In 1623 .'^..D, 
i ^ Hi^ ^^ tM ai^£.-ar« J^ioiKjir alia haa an area o£ 2S6 hom It Xm 
Sitwjs4(i a t a Xatituo© ot T^^H^n and a Ic^^jituue ot 77^.37* £• 
i 
fiflllillrrM^ Lately th«i »^t^ch:faciiitli waa <%9i%»l«»t»l^  eraiOicat^idi 
w i ^ cMtfiuaL lobDur. lUd inolan faa^or c^Ai^a vJLat, ^rrt i i i if t ffiflirHli 
;ldonj uitl'i a f CM oti)- x oaiotic caiqptf, 'lt»@ r l v ^ r Kail i.3 a 
i a a i aUtuoo o l 27**«iS»ri wm a loogitsAae of 77®.43»-79^«0'M« 
ttm Jttvor I s kaotem ^ar Xto JLiiui4«tjr4dX |x>lXutlon i.^\ioh caum^a 
rrx^ffiklity o£ cai^a I n tlk '^ mm^mt^ ikumWi^x^ tbo i:lv$ir i o a good 
source of cas^ iii.sh«isy« Hmtx^ i t t'leis pcoposcKi to uoiJi^rtake 
£»4,j4gio aop'^ota of tho taioXi»<jy o t pLuiuid cas|>a i.n tli^ a ca£»©rvt)i.r 
iiiKl u i l a c^sps %n tn© rlv<..'ir* 
2* Tt»i a.j©# jxic»i^ th and Iim^thxi«^'^ht relatJ.<u«u^uLp o£ maior c^xpa 
o£ ^m ¥^matt^ym r«^a«3inndr ana tn«t d v a c iCgOl h^vo ioeon invoati.~ 
ja&oO* The £ooa Aol^iOtioci o£ ia i iy^ SiJ^Li ^^ '^i^  ^ t s £@@diaj[ 
coXatkmariiip \i%,ti\ at t ior ma>»ir oaie|>S ^wls* fUg'^iit^ ^i^^alfi 
^^^ iiiiitiBl gta^ i^jaf of t^tm rXVuC KaXi haa 'iQ& n atuoiad* Hbo 
pl^mktcjtn £<:xu£ia ana £lara o£ «iw» r.>aa£iK>Xr «UIM d v c r have i»jon 
S7 
msQlm length o£ y>o oaxp i$><x:l<i!« »ad mnsar ami v&m 9u££i«> 
ci^nt to QoitcluMii that the gisowth iJi soaXe loc^jth \mm pso-
pxotlonai to gcmtrth Xn Ja>dy l«ingfl^ 
4* Tim anokular ift.»riaiig« aa «ha ac&X^ o£ th@ caxpa oouJUH laa 
mtooti^oiiilXy iiit#i^e«itiaa in iteifWBjUtatJUm o£ aig« o£ tli^ slob©** 
$• IDa t4no o£ anriulus £ocm .tl«m vad^ia with aisto and agie o£ 
£iahe«« R^ie £oc»ation o£ £Xmt aonulus •tazrtoa ear l i er in 
th(@> •eaaon ti:iaii t;^%a MttMiequQfit ttiM»ai in hic^hor ag« jvsv^gm* 
<%Mmit&r »arHi09» -^^^^  ^^^ •oaliMi o£ c^«)p« i^co 9<3ii«»rfiil:f fiocmtid 
4* Ma«K>iut0 i^3y»yth o£ £ • nf |^tyi; |^| o& tiu$ Kostihaff ri.i'S@ff«dir mm. 
tiKi eiiftsr J^ >ali -^ as mst^trnv u-um uiat o l oth@r major ca^p« 
*^ *^^ y^ i&* ip^ ^^ fe^  aiKl £ • ifititifl- 'ni«» l9»t.tor axo%rth rate of 
£ • f|*^ *^^ *iift of the ^^mmtrmlM: taaif oe atteiinitod to Siatteir feoding 
a.>iKiitioiia uma t£m mlmms gw&'»tth rat« of £ • iSAttft ^^ ^^  ^ ^ o 
b@en ooiisadi a* a xni^ult ai eay^^izmm ^££«ets o£ vatedisfacinth i n 
tho Koeti'iae mm^xm^lrm 
?• By ana Xetegm th& »^e>%rth o£ s±ym£Xni& oaxiHi t^ as kisttoff tli^ an 
UMt of tlia eai^a of tiia mmmviKtiXm 
S« the fl|>acitia g-txtvitn oi thm amspm wmm iisAumi to isw docroi^uiiim 
with iiiac«aftl{)9 a0« <»^ aisM* Fiftir ptv^ccant o£ u>tal i i £ 9 
i^af) Mas ooveswl yur^tkj th«i> £ i c s t yoar of i i£« ot the £i^U 
Aftoi: attaxi'iiiit^ e t^^ iueitry a^^^oicic gSDwtl't <ik30c«k.tsacl oooai^jk^rabiy* 
9» Ttm Oiiipi of t^ t^mmtvoXis ^g/pmmr to follow ihm a^^ tmt 
( a#S» £0r £ • ffUB^^^fft' 3 * i f a r |(,» i^:^iit. i| itna 3»0 £€»r £ • jS i t tA ) • 
10* llM * a* values J o r tlia alrngm * n* o£ thy sJLvesiDe CMM^9 %i@r« 
aii^jhtly <^ %>^ a 3 0 * 3 for £« ^^ .^^ 1^*1^ and 3*2 for £• fflfttito^ 
ton W'.:mt- m^w m&ntmd la^  4 gmotertt o£ Pst»ibc»K»m# 3 -goik:;ra Q£ 
12* ftK» food steltKEtiosi of £• fiiUld ^^ ^ ^^ ^^  c& v^sr Kali sii^ 'U«a.@«l t^itat 
%9 
X4* Tim nmiii looa iygnu o£ 1^, laLyhifea of t h e ieivor R a i l wouett 
ptijftopl»£iiiktK3ii Of oolumi %i£itar ffcipc^a«sitacl by 21 gi t iesa of 
jk« ff^M ^t)^ £ • filfflti^ fli t^ 'Kj-i.ir i>«icce«ita-.i0 vajdad f COM one 
apocicia t o a n o t h e r . 'IH^ lood it^iei iMjmixkitJUag i n t h e d i e t o£ 
arm opucicA o£- ca£|p via9 oalf o£ i^ oooikuL r^y ifioportaooa t o o t h o r 
r^^kois^ylm^g&s^mta 
«0 
Zt ' is with sismkt pl^asura X v&caml h^tce my aine^r^ilt 
anki -.juluaoco tb@ pr«^s€Cit iiock htm lamm eafdod* Qitt £or htm 
&atiiusiiL&BtXG ctdODUsram^ amentui ana ounstimctiim odt iolsra tirio 
proeont tx^ sfc oouXd not hiawa l>u@ii oao|»iataGl« 
Z am «h4tfik£ul tc> i^ sof* ^* H* AXIM, foziatar >i«aci o£ the 
£>fipartE»aiit of i^ootogy for pix»irl<iifig the lalsor^tory f a o i l i t i o s . 
Z isiJUih to o»pe«w« nor imlol>t(KSKiaim to ^r* Y* )^ Tsl{>ati)l, 
DAroctar o£ Fii^uil^Mi^ u«,t«»r ProOssh and to Hr» a* K« :j«29flcia« 
i»<Qput]f Oi3p(3ctoir oi Fifi^tosldd^ l i t ta r Pr«Kk}flD« £oc granting p^r-
mXumJuon tu %iorlii a t tha K^a t^han '^^a^svKitr, Agra* X am obligod 
tD Hr* ^liivavaia Chalecaiacirt]f« riatiusnan a t th« K^ Nathafa i%8<3r«oir 
for h is h®^ in oa>iJtaoticxi o£ iKsai^o from »aiar oafiw mMi to 
oth^r ia«a^ ytors of thxn o££i»cidX ata^f a t tha K<i«»taiara ^etaorvoir for 
tOmlr IcindlMMHi mki ocMop^iratlcm* 
Hf '^ratatul tiiaoka a^e on® to nqf a>Ile&-jua Hr« MohfO* MIIMM 
l o r t)ia lawiiXual»lo h&ip in oonipi^tlng th<i tiiaais ana to 
14r« aa4«»€i!iKlclin Kh^n* Arti.0t« i^ Nsp r^tP^Kit a£ Ooolmff for esav^fully 
Oraiiind %im ^^ratm tmu> to Hr* ^ ^ u i i^^MMn for mmtly typing 
« i 
wlt0 mkX lSHOE>tb@x# i^«^ watm Q aouxco o£ oonstant inspiration 
to OQOijlat© thes «ti«ai«« 
mMtM\m m»nmmmmmi» 
l%Qfer@no(^ 
M 
a«pv@tope!ir^ t o£ ti>«d aft](|>« Hffjfrgft omilup (!fafR,}« with hintm 
AlJlJtii£ihi« K, H« (1992) • on tkm iood of youn^ oai^ £cy* 
*. 
AUJ(unbl« K. H« (i»»t) • r iah ouitmuev in India . Wm* a u l l . 
xtidiaa couac* Agueio* ii@«« J£| « i44* 
AXl&Ot K.« a, C If 3@} • S^cme ol>s>esVd«latui on ttio iaiolo<jy o£ tho 
2(2) « 333*349* 
o£ th3 oalMMi 'itm f^fin nrlfiWf^  ' • P««Miii»3 holEdts. J« 
Anl»* mol* SL • 'i'7«*'7t» 
Ba^amig V, c« & iidifi4« A« (is»44} • S'ceUiailnacy obsdnmtiuiM on 
(^i<wiiiis^)* Cttjnr. <^si« J I (io) i 3io»3i2, 
a ^ l i « «!• N» «i Jof la«« *7« >!• ( l i i » ^ ) • o n titlO 9CDii/th o £ iMSOIMI 
%&M% In t«l]m t)»3ld« f*xoo« aooi* aoc* tiOfKi* JUd| t 
i-41* 
Sanarj^a^ ^.^ r^tw«ni« H« i»« & iQimM^Mtncl^ dal.* is* «7» (li»3«)« 
A ca«o of hoavy i-lati raojrt<iiIl«;y in tlk-it dvcur ^^atm a t 
69 
4>dbx3Uofi»£ioai9« eiii<3kr« oaiiaoil lay ti(i«» \t^amtmm oft the 
i^ohtaa Znduatxios i*tdu« a t Oatoia Hagar* linULan J» 
ahimaohar^ !»• s* (I97l) • tooa of th@ aaxs> hatohUiiga In i i s h 
a»>«fa« H« s« (1937} • ih& pt^rsioloiy o£ wiMti&mm Aoadtecalo PSKMS 
Ine* Hair tt^xSfU 
oiiich%« a« (i.140} • Co-«EKji»iUv« ri.ah«c]f« CaXcsutta. eulXotin 
Cliacdaa* P>« I* (i946}« A note on <i«ixs^  ^p«Mnlng in tho Oodavwei 
ana Krishna (H«a»i«) PDOC* 2n.^ L«o ^ioi. Coi^ pr* jy^3)tl38* 
CHaokd* P« X»« (1946)* ri«h p2K>uMction In mUgtious i n o t i -
is»tJba»nX wttt^cs* J« am&tMqf a«iu Hist* sioc. Jl<t4)t 
764»76«« 
cn<ialoQ« P, X* & oiAiKUini^ 1^ . ( i949}* PxiaUtsinacy x^ qpoirt on th« 
iXaims^ x:mtouMX»m o£ £Muiiiiini slv^r in r«al{'iU«»n ^^ tihio 
Icyipar Bhavani P£oi«9Ct« PXOC* Inui^n ^i«l« Congr, Jflt(3}tl6*« 
C!iaoME»# l»« l« & cittn^«iti« &* v« ( 1 9 S D | « on a caam ot plMMioRienonnl. 
g80«ftti of tiMi lnui«ri 4saQ;i» Catel^ iij|£Ul (Cuv* i< V^ , } i n 
tMo ^mB3m o£ KaadMnp«ucraiiU ^oi* Cii3>t« jy| t aB-J0« 
64 
vosi^Stil* ffil'^*1#nfTI Hffftlilto Uioetiltofi} ijn south Xndiaa 
«^%jni« J* acxQimy a a u ifist* aoo* iflt U> t l.3->19* 
Chua3m, P. X* i» Kusi^an* o* iv* (i94&;, v n a £i4^ «ucv«ar ^ the 
<>«»<t^ # 'JtfUlTffl fitft1i\il i^^v^m ^ Val*) iA ^iottth ItkjL&a t^t«jC»« 
it^aim Mi>cir eaji$>0# Ijtli^ 'tflli^ ini ftfiiifitni^i (^t«iA*)« ^tli|ffi saXUk 
s«u(^ o£ tUd plankton aaii tlDi pbya&oo-<sii^Mlcai oon<litlon» 
of tl)@ d v ^ r Y«m«i9 ^t AXIatudMd An 19!I4-S9« In^&a J* 
-ch«%jm£M« V« J« (X'^ 74) • aXoXcKlsr of «fl8®—Xv» wwod tseamm in tho 
i-«I^Jm>mjaX, M. * 349-463 • 
ci%ai»aniisi« it» ( X96Q) • J&i«>«»sliii@iita on iii^ auccta ai^miijnq of Xnaisn 
Qlimmimsl, iU CX^3)* Xn^mf^a^ ap^mni^ of Xndfan oasi>« PXOO* 
na%« Xnaii. # a l . Xn^m4ijg|a(4} t 4 7 8 - ^ 7 . 
6S 
BoQ|>i«jiiktoti 'sif .jiAsael ahad« Tirs^ nn. /«a@kr* fiati* aoo« 
tkm ImoAmi omepm tSa l l^ fiftlitoi- kMilS& ^^ah^^a oncl 
mmsi t»-«iii i.-i,al*aigs oi£ U•&«,•.ar £>3:i.tciaa6i, India. Part 21 • 
u<iVi44 A, (1,^3^ • i*%m.sdMm o» tiali ^K^ fi,i^ M:>£i<ia o£ tli€» J^l@va£l 
'^ mgM j^Qteairm £«»»^siioir* i^Ui* o ^ t « la i* wim* vt&mm 
Xsmtm B&sz0c3ii^mi Jul t im^ 
uay, F« (iSVa>« Hia £i#li'^ i« ol Xns^a • to^Ai^i ® natninsl Metoay 
a£ cl)(3 iri9ti«»« iMmm tio i»li#iatii idit soad aiia freii') i^i^t^rs 
oi %mMA0 iMjom &mi Q&iUm» ^uih^m I'i&imm m^ u,oimm 
homkm, iB^t^a^m^ mm}* 
ii«f# t . (1689), -mm i^wam of i*s:iti'ift Xm--4a, ii*ciifc.ii»j Gesflon a^ sdl 
M 
647«-663, 
''v«Mk^atdi.# ^m V» 4. Patfi^Ki >-i« ^* (19l>9)# Pr imary pi?^Jtt©tJ.v4tjf 
llirioal€>,ilcai '&irsh^ o i riv<^r Ka i l iailtii r^f^conc-tj to 
tiulX* i.f^0 r i a h « B<.^ .^;'iUi« ^ t 9^ 
Oovjiifia* V, a , *, Xs^ t»9)« iiottoea t ^ m a JIKI iat*cos,VK>;;iet«ati«a An tJt»e 
67 
o£ fist) cx9{!vmi£ilti.oii» In sdcaiA.ir u4) t^ @ iicaology oocS 
Fir^ s^ Oiitfiit^ Jir £A i^h<^« Piaoc, stool* ^ioc* U>iifcd» JJ2* ^ 29«>20fi», 
i i a r t a ^ # 1^ * i^« T* (i94e}* Food ana i^^dinj relaULonshlpa i n 
i*14« 
I'immmt /^ « <i^>« &< 3<wir«a, A . (1941), tSie &3i^^ r . t l o o i^a i^^ usct 
^U,€^ait^j» C, r* ( 1 ^ 2 ) * WX^ oultaixtt* Faboi '^ ana Fotoee, honskm* 
j-loar* w. i»« «^  HanclttU^ ©• J , (1:#69)« r i a h Phya lo lo '^ , 
^ d . Cul t . £ I 3^4*327• 
i'k>r<gi, o . L» &. Pi l lay* '4". v . R . ( 1 ^ 2 ) • .^ l^ tna nook on i i s h 
oultaticfi i n tim ii)cio-*i'^cl^lc swjlon* FM^ Fish* a iol* t^acti* 
iuot., H, (1972)* Ti^xt iJuak o£ r i s h c u l t u r e . a^ aKijciin:^  ami 
cu l t lva t lo i i of f i ah . riahi»>3 news (eoolis} L%u. ^surs^y 
68 
If a l e Universi ty PRSSS , 
Ja££i« R. ^ & ?*tusfc«ia, i>« (1977>, Pood ©ol-c^loa fcy ymsag 
CiiatX^ cy>iil|ft (:^iai^} fsuf^  a t£C3$>iCcil. £lah poDd, J« FJLsh. 
iy.oI. JA * 437-440. 
thsxm maior ca]$« uf imaia* Pcoc. nutn* Inatm ^c i* 
' J'rii£igr««i« V, a« (1937) • A.j^ a«)itt^ zmiii> t^l£Hi o£ tlio ZnOlan foajoff 
<3«isp# SrittlillAliil fftrA'tfjilU (^<«a^ltciiii} >jy rattans o£ ackilas, 
Ha«urd« i-ona. ^E (4&S7} • 4<>@«>469« 
^ Jiiixi^jimiit V, '3. (1939) * '.it^olas (M thtat mm and gso^ Mfth oi 
PSDQ. !)«&<&• Znut^ ^»cl« ZniJla i i ^ ^ 3) * 3L07-137. 
JlijUi^jrafi, V« a, (1'J68}« ;iy%K)|>@l£i o£ iaioli^jlcal ckita on 
9flfili Ig^Ufl Oi^^ltCidEl)«ie32)* FM}» F i sh . S>^ 3^0pB* (32) 
( I ) I ^ j v . ! • 
J^jliijcaa, V, :#, (a.-j!7S), i'lsli or^ fc'liiJ^c'Eluo a£ In^jla* 
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CMUfia L.ak£i« i.}S7«.i960« Bull* acFRX« aarracHx>s«. 
I • U3. 
Job* T* J*« i>dVi4« A* «^  Uaa« K, 14, (JL9SS}. F i ^ and ri^ihexies 
o£ Maimnodll i n c ^ t l o n to illr«aaaa £>0i!i« Xitaian J . Fish* 
j^X# t 1.30* 
J o b , T, J , « D4»viil« A« £« Hbt l^» i« !4« p . ( 1 9 S 3 ) . ObuvCVatiOllS 
2:^ @£«tiOQ to tiitd Bttati|;iU]C{30«i«i p»o^«ict;6 o£ th« irallcqr* 
J . hmlQit aoo. a^Rjsfti j | § i2 ) i 141-473. 
ZilOlan J . Fiali« 1 ^ ( i ) • 449*464. 
iCtaiQal* n» ¥• (i'»67)« .J^UMICNI on th& £oocl ana alitaentacy canal 
o£ tlw Xnoian niajor «3a£pa* XZ M m ?^4fc|fi (H@K&.) and 
^^^ C lPd i i i ^ ceuda^l^ (rlaBu>« Xndliui «7« Fiitfi« J^j^ 1}124*47* 
K.£ii^ al« M* ¥• (l*i7l>« l*enjtb»«^^'^)rit x^latJLv^m^iip of Cijrg*ilnA 
filiftilililiffl C^ a^jffi*) £sofSi o^nsttsixJLal c«te^fi« a t All<dt)alMMt« 
PSDC* nat* ^«a4» t»ci» Ind ia 1971« 
i'^ @st@vefi# 3 , L« (1^42)* ;itwiie« of) the l3dU>logy o£ the MtatraHofi 
s^iullot* Pmiet X« Account o£ the f i^ iexy onci pruii ialnary 
statofmifit a i th«3 Molo^jy o£ Hu^^^ i,:|r^ i;3i^ ;[^  ((3unth@»r} • 
CQun« :>c:i* ln-.iu@t« r4#a« ^Xtli, ^\?lte>ucsie« iS7« 
lChali# i^* (ii:)a4)» oij@©cvatian on thti iMpaaclinj ha i4 .^ a£ -xtmei 
70 
iroiA wat<.^ r £ishu0 JUi tlita «>unj<3Ji». J* '''<xrii;^ y il.it» 'Ust* 
J« aotnbair A i^t* Mlst« i^oc* J | j | (3) i 4l6«»427« 
Kli«iA« n» ( 1 ^ 3 ) • On tiim kacmi&^Jun-.j holbdt «tfidi OevolopRH^t; o£ an 
Khan* % & iaa4»ain« A« ti.>4S)* sex ryoojnitJucm i n XrKtlan cax|>«« 
l£»w4.an J* Vet« Anim, ^lusb. JU^ I) t 3&<-43« 
ca3^»«, )^ h«i>« llvaaio^ AiX-^ath itusXiia Univdrslty^ XnOia* 
Klian, R# A-» fe, iil....iji.«3ul, A. •«. (jl;^73)» ;.»tual4j:® on th© aj® and 
. jSDt^th of £ot«a« |:iiiaa ^"^^^^ ($ia«^lt)cm) fvum a sxmid imd 
£ivos« -Jan;ja ana Yanyna* Proc, '^ntJiaii oat* i»cl» Acaci* 
j ^ I S82-S97. 
mmadSmfft tu A* & Hixiu«i« t4« i^ .^ (ii '70)« £^ t^ iXiiiin<j^ U<Qfi o£ ^ ^ of 
<:^ 9^^ « ii!JliBft ga^^ta ^ @caX@ mat^od* i^cxia Univ#raity 
lvln>gr# <3m & Pim£ouaij# >i« (1946)* Mf^out oi kto now i'a23:ae>.j^ 'ilc 
^leafijlciui^ii ma i^vmm m%x L^c^® r^tM^ 'm^mt, Eaologf J^*373. 
0£C i^n CcjEspony^  la^a* 
u 
sy^ I 277.280, 
on tjn& iXsAi mud wiXa XlMm of th& OuXi 3tat^<^. £%»oc* i^cint« 
Mac Arthc>r# ^« l^  iHWiris^ a« (XJ6^}» Gu«^l»©tJltlon« haMt i^ Xfe»ct;icKn 
MaU ^^caii* ^id* ^ t ].207<-12l0. 
M«nufi« M* iJ^^ (19S3}« Itva aatusmlnutJU»n o£ ago nfKl g«>;^ H;i) o£ 
i i s l k ^ of tnapii^iia aiK^ mitasopiatil wattes* J* Bami:mv 
M€^ ;)on« H* i>* i^  ChaclK), p . 1* (19341 « FucKi aixi Fo>'.<^iija litaMta 
Qt ire^Kamtvir £1-B2I«^ O I Mf^raa •:'»tat<@# xn>^a« Psoc» Znclo* 
Pacif . F i sh , Ccmu jft(2»3)i i83»aB«« 
H@£ioti« H» !>•« aeifiivift3«ai# i^* & KrialmaPitrt3r# ^* < X'^^) • '^ %@ix>rt 
to tiK; if^til^n CouftesiX o£ /^ ^ycicuXttaur®! i^ is i^ajEflli an tlie 
tiaaros :.'\tral ^jiacicultur«il schtacMi ^«orkad f eijia 1 s t J u l y 
i^4a t..5 3i9t; f^ »artgi l'i>Sa« Hadro* ^aov*3nir!':fit Permit XlXpm 
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i^&£&0 ?l» Urn Ci933)« on tikj gut cxmtcnt.© of hMx^ rAi±tA 
(<iam*}# c^Jn^hJ^l^ Euelciala i^tam.) &i^^-i <^MU^ S^^AA t^i^n*) 
^ijltsii# 3 . fi. (il>42)« rtai::^ a£ jrov/th i n th^ £i.r@t ye&s of I l S e 
^^ M n B BahltA mf-J SsiSiA ^Ki%}M ^ ^^'^ d i f f e r n% d l^ t r i c iu i 
^^txa« ^« r^ « & iia«« Z. ^tSNhS). on the nutxi-tion o£ the Xmlian 
majoff Oixp icy* liiuiaii J* Fjlah. J^il) * l«24. 
rUtra« -i* o* £. t'43hi^^tra« iP« (1^96) . t:-n the so le o£ aooplanktc^ 
in &ha imu^dttion o i ca£|} ££3r* Xnjian J* Fish* j|C 2) i 
29^3i&« 
.*'kjoiedirj«»i# H, K, (194S). tJllie iilatyory of mem a^jjor cacp® o i 
B<»ijal.» i.^ cl« Cult* JQt(9)i 400»402« 
f-ioak©rj®«# H, K. t -Jaikjui/, t*. H. (1^46), f-k>aiflcaUein ot th© 
f iClai »tzuct9u£'« ix% tho major caxs»a o£ ZiHtrjJla im r ^ a t i o n 
to t^'uair imifdlng tiaMts* I^SDO. iiv.4.;m aoi* U^^^jr* JiS^(3)« 
211* 
auoki@jrJ4att« :'i* ^ ^ Hi^ iSMf9d#r# £»• ^* (1^46)» on th«i Xl£® hlstffsy 
.giKi tac« a^Uiiikj €»£ ff|fjt|:|t|g tMtnfittClitinTBit- ^* ^ > * -'ioi* Cal* 
SQ»O oi>.--:'.;ir»atJU»ii» ail tingi iTOllatAon a t titva ikm l^ th© 
£aci;t:>x^ iii:£luanta QJ& UP^I i^k^taa x».4\ai^u:i.«« a t Oadt:^a il^yiar# 
tOiaiir* l a o i a a J , F lahj | (2? • J J 3 4 - 3 6 7 . 
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{liaiB.) ^ 9 ^ r E h ^ ^ Kyi^ ^ j^||.|a| t H^ am, \ egka £g | jy^ l^j^m^ {lldn«> 
»tltC!a# 3 . t'i. ilBiZ)* nato of jsov^th in the £i.rst /ea£ of l l £e 
o£ 0£i9««, p£oo« Indian c^&« Q^^r . i E (3}t 139. 
Mi.tnk« d», »• & iM«« I . ^&9ft$}. on the nut r i t ion of tho iooian 
Aaior oaX|^  £cy* iituian «7« Fioh. jy|^(i) i l«34« 
Hite»« ^^* ti* £t f^ ohij|» t^£a« p* (illSA)* '^ii the soX@ oi aoc^IiUiHtcm 
in tstie smuiitioa a£ cuucp t£ir« Inuian .7» Fiah* j|( 2} t 
2t^3IO« 
i4«jo}«@rjeMa# if. ii. (i94S>* l4.£e .^ ii^ :3U»sy o£ aocsfcoi taojor caci>3 o£ 
B ^ j a l . s c l . a a t « i{|(l»}« 400-402. 
HQok&tim, % K. 4 3aEkjia/, o. d. (ji94e>» Modifimtion o£ the 
£..iGLaX mtxuGigasm in tho: major oaxps o£ Xii^ 'jia in ra ia t ion 
«o ti'ioir f^ fKiii^ gi iiaMts* Pme* itv.4.«i ao i . Con-jc* ^ ( ^ ) * 
2il« 
aiKi i:ic^Kiii^jr o£ /ja^aaif tWfiililflllinfflllll ^ * ' ^ > * ' ^^ * ^ ^ « 
urn* 1 I iDi»i4o« 
f^ totw i^i,^  M. p«^ a^^rj#s# ^» ^< K.ar«iadhbindQOi« •^ '. J* (ldS6)* 
aoBm ai^'i>:^nratiaaa oti tha polXutkm ot th«j aon i^ tj)@ 
itMS^n eX'f luanta ot the ac^taus liv^^i^tiridS a t Uiilmla llagar« 
7a 
.'lutli^ K, H» Clt^69)* A9@ aiKl ^^ sDt^ t^ h of Bfioad t^Uto £ l c ^ 
9afi8 IflfU'it nnnilM ^ ^ ^ MachiagistJUi aCMi CO|;9i>tt£«Liie srivcMTS* 
N«H«I*« J* FXslu 1%^. ad. Canada. JM®>« 8aS2*22Sft. 
(ifli£«fiQ» • a m^Jt^ ioci ot gracdiiig teh«i focKl ei^ea^at* i n the 
Hatasijjtfi* A. V. it ^iXagrrnkf v . j«, (1^3)« on th@ iadLolc^ Qr of 
<;ifl%|fl fff^ tj,]^  flora riv«Br Ywrnma* ^ii»c« oa t . Znat* a«ti« 
^ilkal8^« 3 . v« (1^3 ) • 'Shu Soolcgy of r i ^ t y s . ma^mle 
:,etmim0 Urn '^m X11157} • 'Xim Mologif of fflfJMliitMf tllMliiiiAi I»«(1^ ^@ti9G»8ti} 
%;a»%ac« Citrr. 3ci« j2St * 3|jO»311. 
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iji;juedd ^le&mUng o£ major lii'.a.<»i c^sp« in ha-Mita 
Hawauii^  i>« <:>• (lt}3*2> • t^ma <iei^tii ana i-istt peojuctjkm in 3U)r^ « 
i4jd«@N9« Eoologof* JI2 • 5X3»32i» 
i%«0i^ K^ »^  U, ^« (i9S3) • *£ha i4;m0ology o£ Aaieitli^t Lii}6a« a high 
^^t £*• £» ^avia* A. (1966)* Eliec'ts of ^^nciuatrial w&Qtem and 
.-aha, ^. 3.# '3ix>ah, fi, >i:« & •ic^alaKj.-l^ m«sn# v. (i*?7l)» Pl^anktcai 
of the; lioagriy ©etiia«y v^ Atli 8pt«leal imfuri^ riCf' fco oal ini ty 
isi'Hi t«f3fr|>erat3ii£«u ;>ysapo8iura on Xn i^lim Oo^an ami ^^jaccmt 
-HL^aa* CociURy HOMi at Znui^^ 12tlv-ietl9 JaiMaey (iUas)* 
*i*|Manc«ar# M, (1972}* Jtsracititlnd S|?irt.*atiiii^  IMVOC ov*Tir tim uorldl* 
H^ FJU»|:ia4i tiiacs « Union gtf^  Jm^mmvi^ll® JouxnaX, 
t^« 2^6« Octoter aandU 
£i@h t>jEDj%ictiQCi in a ti30|>icaX pa»u hUmnoX Oo0anc»gr«^( 3) t 
3di«-^4. 
.vis«i«niva»an# A, (i.969) • Lifanolaijy of t « ^ i c a i ia^jotyfidaontii - a 
ooi^arativa stu«^ of tJio major r--:mrmlim in M©dra« s t a t e , 
Xiioia, aaraiaur «an tbc Ecdogor i»«^  Fiahi-fCi^a oi Fr@ti^ %^ aC@r 
7S 
i-iovQKibc-r 27>»29« 
x»%#£^ cie« C« iJ, (1.9«»li)« Basic oomioptm o€ i^tsqplli<»itloil. i^owagt«* 
ixKiuist* mMt>^mm J i ^ S } ! '737* 
<iaal l l ^* «?• ^a@r« t iatar* ^«oslc»* Asaoo* JgX^  1) • 31)«>7S, 
•riioBiiiS, il« 3» < 1887)• Tiiiik iwicjlxng i n Sn^J.a« M<Kira«, 
^'^luiaaa* i^* ^» (ii397)« 'Iha aud i t i i t u l a« 7.XI Ed« «<'« llh&dtmt 
6 via. i.«onuoii« 
-|liuRiaS« li« it>« i l^04)« PiickKlic -j»>^.iai o£ sca le s In 3«ikwiida« aa 
an indm» of agsa, •-?• Bar . 3 i o i . hmocm •^*^ -« 7il,* 
'i^»,m&m0 H» ^ , (1917). iVink i.J.»Ainy Xn ln.Al«a. ZX ^^« 
Van t,/oot«in« «l* (1929). Li£« aiistosy «>£ lakie iiKitrsiii^ 
^ Itlilililitllliyi i^i^t i l h.ijsm&ag:) o£ l-ai^ :! '"!ui;:t:»i3 a^ cov<aal<Kl 
ijy i u i mmX& ^ t n a ee i t i tme on miaX^ m^Uioa^ ^leh Bull* 
P i ^ , -'t^ilui. '^e£V* «i»i^ » . ^ t a6&-443. 
i^iitton^^ >i« H. £i Carl@B(ia«tr« .<• i*» (1^!)6). Inu^sps^tacion oi 
£x»^«#C4ile £oy(s^ 3iHidon foe oaeimtln; laoajf lan^jfth a£ i^«» 
£i3h. •;?. t f i l t a . K*anae|t. J £ i 21-37. 
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